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A STUDY OF THE DYNAMICS OF CORTICAL NERVE 
FUNCTION VI CHARACTERISTICS OF THE RE¬ 
CEPTIVE FUNCTION OF THE CEREBRAL 
CORTEX FOLLOWING THE UNCON¬ 
DITIONED STIMULUS*' 


Gorky Medical InsUiute, Mosconx) 


P Anochik and E Stuaj 


The pioblem of the interrelationship between conditioned and 
unconditioned reactions js of basic importance to the theory of con¬ 
ditioned reflexes, and is closely connected with the problem of the 
formation of single behavioi patterns This problem aiose first in 
the laboiatory of Dr Pavlov in connection with the possibility of 
foiming a conditioned leflex in the piesence of a distoited sequence 
of indiffcient and unconditioned stimuli 

Krestovnikoff, using an indilferent stimulus three-tenths second 
after the beginning of feeding, discoveied that with such a distorted 
sequence the conditioned reflex was not formed. The conclusion 
was that the application of an unconditioned stimulus causes an in¬ 
hibitory piocess in the cortex, Since the laws of induction of 
nervous processes, positive as well as negative, were formulated in 
Pavlov's laboiatory, the impossibility of forming the conditioned le- 
flex m the presence of a distorted sequence was explained on the basis 
of a negative induction fiom the unconditioned digestive center This 
point of view was stiengthcned by a senes of subsequent investiga¬ 
tions in Pavlov’s laboratoiy, in which the effect of the unconditioned 
stimulus was tried upon an already established and well fixed con¬ 
ditioned reflex 

One of us (P Anochin) has shown in Pavlov’s laboratory that 
the application of the original conditioned stimulus foi several days 
in this fashion, results in a deciease of its conditioned secretory 
activity This result was explained then on the ground that the 
application of the conditioned stimulus, immediately after the be¬ 
ginning of feeding, creates a conflict in the coitex between the nega¬ 
tively induced mhibitoiy piocess due to the feeding and the positive 

*Reccived in the Editorial Office on Apul 13, 1936 
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process resulting iiom the given conditioned stimulus Similar ex¬ 
periments were subsequently performed by a number of investigators 
Ijiborat-ory and identical results obtained (IVT, IC, Petrovaj 
Soloveichik, Wright) Later when the optimal time relationships 
between the indifferent and unconditioned stimuli were studied more 
accurately by W. I Pavlown it was shown that the conditioned 
reflex may be formed with *'overcoven ng” but being very labile 
and inconstant it quickly disappears. This fact was proven re¬ 
cently more fully by Vmogradoff. All these experiments lead to 
the conclusion that though the conditioned reflex may be formed in 
the presence of a distorted sequence, it is extremely unstable 

Since the investigation of cortical nerve function by the method 
of conditioned reflexes has stepped out of the confines of Pavlov’s 
laboratory, a number of investigators have attempted to attack this 
ijTiportant problem on other subjects and with different methods, 
Schnieiman, for example^ of Bechtcrev’s laboratory, has shown that 
the working out of a stable conditioned defense reflex in man in the 
presence of a distorted sequence of the given stimuli—electrical 
current and indifferent stimuluJi—is quite possible Unfortunately, 
the necessary methodical conditions (the time interval, the possible 
generalization) were not strictly observed in this experiment, 

A number of investigators of this problem, chiefly American 
authors, have shown that >uch a reflex either does not form at all or 
proves to be very unstable m man 

Cason has shown on the pupillaiy and winking reflex that the 
production of a conditioned reflex with a reverse sequence is im¬ 
possible. 

Using the knee jerk and skin galvanic reflexes as indicators, Swit¬ 
zer finds that the formation of a conditioned reflex with a reverse 
working out is difficult It was only m the case of knee jerks that 
he noticed in two out of five subjects a mere suggestion of a con¬ 
ditioned response Schlossberg, too, studying conditioned knee jerks, 
found that the most effective interval between the indifferent and 
unconditioned stimuli is the interval of .20-.44 sec 

It follows from the above described material that the problem of 
the fornaation of unconditioned reflexes in man in the presence of a 
distorted sequence of stimuli is fat from being solved; the majority 
of investigations point out the impossibility of such formation, posi¬ 
tive results are very scarce. 
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Wolfle, in Jus study of the defense conditioned reflex, withdiawing 
of the fingei, comes to the same lesults 

Some ?v\ithoTs have atudved the same problem on mice, Msing the 
labyrinth method, and have obtained similar negative results, eg,, 
Cair and Freeman came to the conclusion ''that the revcise forma¬ 
tion of the conditioned reflex is probably impossible ” 

Yarborough, applying electrical stimuli to mice, comes to the 
conclusion that it is practically impossible to obtain a conditioned 
reflex in the presence of a reveise sequence of the indifferent anil 
unconditioned stimuli 

This vane tv of lesults concerning the "retiograde** formation of 
the conditioned icflcx gave Wennek the right to speak of the “riddle 
of the conditioned reflex.*' 

The principal cause for the contiadictoiy repoits appears to bp, 
according to Wennek, the extreme variability of the conditioned 
lesponse and its dependence upon numerous factors, e g, time intei- 
val, intensity of the applied stimuli, age, species of animal, etc* It 
seems to us that these conditions undoubtedly exercise an influence 
in general on the formation of a conditioned reaction, but that they 
can hardly be accepted as deteimining those nervous processes which 
make the formation of conditioned reflexes difficult The point¬ 
ing out of these conditions may give us the possibility of mastering 
a method foi the foimation of conditioned reflexes, but it could not 
explain the close interrelationship and mutual influence of the con¬ 
ditioned and unconditioned stimuli. That is why Pavlov's hypothe¬ 
sis which establishes the influence of the unconditioned stimulus up- 
on the cortex and therefore also on the conditioned reflexes accord¬ 
ing to the principle of negative induction, goes much furthei than 
a mere statement of the time relationships between the applied 
stimuli 

This hypothesis, while giving the geneial chaiactetistics of the 
processes that take place during the action of the unconditioned 
stimulus, leaves out, howevci, many problems which arise upon a 
closer examination of these piocesses. 

And rndeed, how does this negatively induced process spread it¬ 
self in the coitex^ Does it embiace the whole cortex, or only those 
systems winch aic associated with the digestive leactions^ Is the 
receptive function of the coitex possible duiing the action of un¬ 
conditioned stimuli, and m geneial is the associative function of 
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the central nervous system fls a whole possible duiing such a 
moment^ 

All these questions inevitably arise ns soon as we approach a 
finer analysis of the composition of the unconditioned and condi¬ 
tioned reactions. 

In one of our papers (P Anochin and E, Stress) we Imvc shown 
that the special substitution of the unconditioned stimulus in the 
process of the experiment—meat, instead of the usual biead—brings 
about very complicated changes m the ncivous activity involving 
the subcortical as well as the cortical apparatus, because of the 
functional connection of its complexes. 

These investigations convinced us that negative induction of the 
coitex resulting fioin the application of an unconditioned stimulus 
IS not universal for the whole cortex, but that on the contrary some 
of Its systems enter into a positive, more intensive than usual, con¬ 
nection with the unconditioned stimulus. 

That is why we concern oui selves in the present investigation 
With a more detailed study of cortical function duiing the whole 
period of the application of the unconditioned stimulus 

Apparatus^ 

In choosing the method of investigation we decided to utilize the 
of possibilities for analysis which Pavlov's method of con¬ 
ditioned reflexes offers, but along with it we thought it necessaiy 
to introduce into this method the possibility of synthesis of com¬ 
plicated neivous acts The most complete synthesis of nervous 
activities expresses itself in what is ordinarily called “active choice,*' 

The animal organism stands out in this “active choice," from 
the standpoint of its nervous manifestations, as a dynamic whole, 
and these manifestations must fully characterize the behavior of 
the animal. 

Introducing a specially constiuctcd stand and placing the animal 
in the identical condition of the classical experiment for the condi¬ 
tioned reflexes, yve obtained a combination of the two above men¬ 
tioned principles. 

The stand has two plates in the right and left side and the animal 


^This method has been described in detail (P Anochin) 
lure It is presented here briefly for Ameilcan readers. 


in Piissian Litera- 
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FIGURE 1 

SCHEML OF EXPHRIxMENTAL STAND FOR THE SIMULTANEOUS STUDY OF SECRETORY 

Mo'im Cwoic^i or Docs 

Ihe movements of the dog are exactly rccoided by Marey’s capsules. 

in the center of the stand has the usual conductor foi pneumatic 
transmission on a manometei and an electric writing^needle (Fig- 
UTe 1). The nppci plank of the stand balances on a central hinge 
and Its swings aie transmitted on capsules—^with the help of two 
rubber balloons, into the experimenter^s room. 

Since any of the conditioned stimuli may be connected with either 
side of the stand we have the possibility of placing the animal m a 
condition whereby we can study not only the secretory effect of any 
given stimulus, but also the animal’s active choice of one or the 
other side—which makes it possible to study simultaneously the 
sccietory and motoi function of the animal. 

With the above described technique we appicached the solution 
of our problem 

The Experiment 

Pi 101 to the development of the “overcoveung’’ proper according 
to the above described technique we peifoimed a number of tests 
in order to study the cortical activities dining the action of the un¬ 
conditioned stimuli. 

This series of expeiiments can be divided into thice periods 

{a) The giving of the conditioned stimulus on the left side dur¬ 
ing feeding on the light without the reinforcement on the corre¬ 
sponding left side, 

(Z^) The giving of the conditioned stimulus during feeding on 
one side leinfoicmg it with a second plate on the opposite side. 

{c) The giving of the opposite plate only without a preliminary 
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conditioned stimulus, at different intervals of action of the uncondi¬ 
tioned stimulus of the given side 

The experiments of the first period were performed m the follow¬ 
ing order; the animal had two old, stable conditioned sthnulr a 
bell on the left side and a tone A for thfe right side. The dog was 
given as usual the tone A, reinforced with food on the coi responding 
right side. At two seconds after beginning of the meal the ringing 
tone was discontinued, and three seconds hitcr when the animal was 
still continuing to eat, the bell, the conditioned stimulus of the Iclt 
side, was introduced, the action of which was finished several sec¬ 
onds before the end of the meal. 

The first trials of this kind have shown that the animals do not 
manifest objectivelj^ any effect of the second conditioned stimulus 
and that they return after the meal to the middle of tlie stand. On 
the basis of these observations one might think that the conditioned 
stimulus given secondarily does not produce any changes in the 
cortex of the large hemispheres, and remains therefore unnoticed by 
the animal. Some peculiarities in the behavior of the animal make 
us believe, however, that the situation is somewhat different Usu¬ 
ally after feeding, in connection with a given conditioned st mini us, 
the animal returns to the middle of the stand and waits there till 
the next conditioned stimulus. Here, howcvci, after the introduc¬ 
tion of the second conditioned stimulus during the feeding, the 
animal, after getting through with the meal, runs several times to 
the opposite side, le., to the one which the ^Wercovering^^ condi¬ 
tioned stimulus signals, and persistently sniffs the plate And since 
this ‘^ovcrcovcred" stimulus was not reinforced with food in this 
initial set of experiments, the animal stopped coming ovei to the 
opposite side after 6 to 8 trials 

These experiments convince us, therefore, that the conditioned 
stimulus, given during feeding, is perceived by the animal in its 
proper meaning, i e , as a feeding signal on the opposite side Be¬ 
cause of the absence of adequate support, its action could not develop 
to such an extent as to give a corresponding motor reaction 

We began therefore to reinforce the ‘*oveicovcrcd^^ conditioned 
reflex on the corresponding left side 

The very first application of reinforcement convinced us that the 
conditioned stimulus given during eating develops all the neivous 
activities characteristic of it On the first giving of tlie food on the 
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left Side duiing the meal on the right, the animal inteirupts its meal 
on the right side and runs to the left There it eats the given por¬ 
tion and returns to consume the remaining food on the right side. 
True, It was the sound of the plate that the animal was responding 
to, because to the conditioned stimulus Itself it did not respond at 
first But the sound, nevertheless, repiesents a definite conditioned 
stimulus and its action must therefore spread primarily in the cortex 
of the large hcmispheies We are giving here a curve which shows 
the conditioned motoi reactions to the sound of the plate (Figure 2). 



FIGURE 2 

After the ^-Tone Ceased and the First Feeding (Right Feeding-Cup) 
Was Given, a Beil Was Rung, Signaiizing Left Side-Feeding 
The bell itself did not stimulate any motor reaction of the dog, but the 
appearance of the left fecdmg-ciip caused a quick motor reaction to the 
left (marked by the cioss) After eating the portion on the left side, the 
dog tinned back to the right and nle the food remaining there 
Upper line rim to the left; second line, run to the right, third line, secretory 
reaction, fourth line, conditioned stimulation, fifth line, unconditioned 
stimulation; sixth line, time-mark (intervals of 2 seconds). 

It was fuithet shown that after five leinfoicements of the ‘^ove\- 
covered’^ conditioned stimulus with the corresponding plate, the 
stimulus in itself became sufficient to interrupt the meal and bring 
out a motor reaction to the right side. We piesent a curve of one 
of such experiments in which the ‘'overcovered*^ conditioned stimulus 
has interrupted the cuive of the unconditioned reflex (Figuie 3) 
Tlie above expciiment is interesting m several lespects. To the 
fiist conditioned stimulus, the bell, the animal did not respond with 
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FIGURE 3 

Positive Conditioned Reaction to i^-ToNE» Gwen When the Animal 

Was Fed 

Hot iindijig" any bread af the sjde /or whjcb the aigiinJ was given the clo|j 
rctiirneil again to ils former plnce At the sound of the feeding-cnp, how¬ 
ever, the dog ran again to the right nnd ate the brend there 

the usual motor reaction, the response occuned only upon the pres¬ 
entation of food Eight seconds after the beginning of feeding, 
the second conditioned tone J given and as seen from tlte cuivc 
It interrupted the eating, bringing out a motor leaction to the 
opposite plate. Not finding an)'' food theie, because it was served 
■only 15 seconds after the giving of the ^'oveicovered'^ conditioned 
^itimiilus, the animal returned to the left side and continued to cat 
the first portion But the sound of the plate to the tone /I would 
again provoke a motor reaction to the right side, and the animal 
began to eat the food m the right, 

Having finished it, as seen hotn tlie grapJi, the animal ictiuned to 
the left side and finished the remaining food there The above giaph 
shows that the receptive function of brain cortex of the experimental 
animal is not reduced during the feeding, but that it is increased in 
respect to digestive stimuli The proof lies m the fact that the ani¬ 
mal did not mnnifeat any niotor reaction to the first strong condi¬ 
tioned stimulus (the bell), but to the second, weaker stimulus 
(tone A) given during eatmg it responded with a veiy complicated 
motor excursion to both sides of the stand. This case is not an 
isolated one, motor reaction to an overcovered” conditioned stimu 
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Ills takes place very frequently with any combination of stimulL 
As for example, in the very same experiment, the cuive of which 
was Just presented, we obtained a motor reaction to the opposite side, 
when the bell was given after the tone The animal would leave 
the food on one side, run to the opposite side and wait there per¬ 
sistently, as long as the '^oveicoveied** stimulus was cftective, the 
serving of the plate It is necessaiy to point out here that all of 
our conditioned stimuli signal the same uncondilioncd stimulus, in 
quality as well as in quantity (25 gm of toast) 

It IS also impoitant to point out that after the introduction of 
the second feeding m connection with the additional conditioned 
stimulus, the animal would, as a rule, aftei finishing the meal on 
one side run to the opposite side and sniff the plate, even when 
only one of the stimuli was given As it normally returns to the 
middle of the stand aftei completing the meal, we have to recognize 
this lunning to the opposite side as a newly developed conditioned 
motor reaction Wc draw particular attention to this circumstance 
since this development was taking place during the action of the 
unconditioned stimulus. 

We became interested in finding out the dependence of the motor 
conditioned reaction upon the time of serving of the second plate m 
relation to the beginning of eating of the first With this in mind 
we perfonned a whole senes of experiments, giving the plate only 
during eating on one side This plate was served at diftercnt inter¬ 
vals after the start of the eating process 

These cxpeiiments were justified in that one might have assumed 
a difference of action of the unconditioned stimulus on the cortex 
during the different moments of eating We have taken the follow- 
mg time intervals 5, 8, 10, 12, 15, 20 seconds. We give here a 
compound table of a number of experimental days with tests at 
different time inteivals (Table 1), 

The cross in the giaph lepiescnts the motor icaction of the ani¬ 
mal to the serving of the opposite plate during eating of the first 
poition This leaction has no definite relation to the time interval. 

But along with it stands out quite clearly the dependence of this 
leaction upon the numbei of applications one obseives a gradual 
development of a negative icaction although the animal, after 
fimslimg the first poition, lushes over to the opposite side where a 
plate was placed while it ate the first portion 
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TABLE 1 


Time inlervnl be- 
the begin¬ 
ning of the first 
feeding and the 
serving on the oppo- 


Niimber of the cxpcnmetits 


S seconds 

4- 

4- 

■—^ 

— — — 

S seconds 

+ 

— 

4- 

4- — — 

10 seconds 

— 

— 

+ 

— —— ““ —^ — 

12 seconds 

+ 

4- 


— — 

\S seconds 

-k 

— 

— 

— — 

18 seconds 

— 

4- 

•— 

— 

20 seconds 

4- 

— 




This indicates that the animal fully perceived the sound of the 
plcitCi but after a while began to postpone the reaction till the end 
of the meal One c.m haidlv associate this fact 'vvith an increased 
inhibitory action of the unconditioned stimulus on the cortex, rather 
should one accept it as a special form of the animars adaptation to 
the new condition of the experiment And indeed, even during the 
period when the plate stopped exeiclsing its mfluence, the appli¬ 
cation of the artificial conditioned stimulus during the process of 
eating, would interrupt this process and bring about a motor reac¬ 
tion of the animal. 

The reaction, 'Agoing away from food,*' to the sound of the plate 
began to fade, but returned upon the application of the conditioned 
stimulus It IS difficult to associate the obtained reaction of going 
away from food with any state of food stimulatioji In some cases 
It manifests itself at the end of the experimental clay, not showing 
itself at the beginning of the day, and in others the leversc takes 
place 

One can therefore make but one certain statement concerning this 
reaction I it is extremely labile and subject to many modifications. 

In the second part of our investigation we decided to utilize 
such peculiarities of the cortex of the large hemispheres wliich 
we observed during the action of the unconditioned stimulation, 
The cortex is capable, during the actson of the unconditioned stimu¬ 
lus, of pcrfoimlng complicated associative acts It is, however, 
essential that this activit 5 ^ should proceed accoiduig to the lulc, 
“signal-remforcement.” 


Taking all this into const deration we decided to work out a con- 
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ditioned reflex to a new* indifferent stimulus* applying it in the 
usual ‘Weicoveung’’ manner, i c*, seveial seconds after the be¬ 
ginning of eating, introducing, however, the very essential addition 
that this stimulus was the signal for feeding on die opposite side. 
The whole combination of stimuli had to assume, therefore, the 
following form’ The old conditioned stimulus, tone A, is given at 
first, being reinfoiced with food m the coiresponding left side cf 
the stand After the beginning of eating, a new conditioned stimu¬ 
lus, FAN is intioduced which lasts 15 seconds and is discontinued 
half a second befoie oi at the moment of introduction of the plate 
on the opposite (light) side The basic condition of this combina¬ 
tion IS obviously the fact tliat the new stimulus was acting only 
during the application of the unconditioned stimulus. It was thought, 
of course, that the animal would run to the opposite plate without 
food, only then could one speak of maintaining the principle *^sig- 
nal -f- reinfoicement,^^ 

The fact that the animal towaids the end does not interrupt 
eating to run to the opposite plate, but consumes both portions, 
indicates that it adapted itself more economically to the new situa¬ 
tion of the expel iment A similar process occurs evidently in those 
cases when the rat picks the shelter route of the labyrinth, avoid¬ 
ing the longei one 

To obtain a constant motor reaction to the sound, of the plate we 
peiformed the following* if the animal did not interrupt eating at 
the sciving of the opposite plate we automatically removed this 
food and replaced it with an empty plate. As the experiments show, 
the animal reacted to this proceduie with a quick motor reaction 
to the opposite plate, the one it used to ignoie previously Further- 
moie, there manifested itself a veiy interesting detail indicating the 
high degiee of activity of the cortex of the large hemisphere duiiiig 
the action of the unconditioned stimulus. After the food liad 
been lemoved seveial times, the animal began to interrupt eating 
systematically as soon as the opposite plate would be given And 
since the sound of the FAN m this set of experiments always pie- 
ceded the taking away of food, we obtained here quite unexpectedly 
a new conditioned reaction As soon as we introduced the FAN 
duiing the feeding pciiod in the left, the animal would begin to swal¬ 
low quickly the given poition, fill its mouth and run to the opposite 
side This cuiioiis fact convinced us that the indiffeient stimulus 
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Fj^N given during the eating process, though unnoticed by the ani¬ 
mal, became both a conditioned signal of removal of one and the 
serving of another portion of food on the opposite side* 

This serves only as additional proof of the concept that stimuli, 
acting in the central nervous system during the action of uncondi¬ 
tioned stimuli may enter into a diversity of combinations with differ¬ 
ent nervous complexes The fact that on the eighteenth application 
of the the animal left the food on the left side and ran to the 
right even before the serving of the plate on that side is a hnal 
confirmation of the above conclusion (Figure 4) 



FIGURE 4 

The Doo Lfft thr Foon at the Right Side, "Ran to the Left and Awaited 
Confidently at the Chosen Fbeding-Cup 

This first conditioned motor leaction to the sound of the 
possesses a definite direction and persistence. After tearing itself 
from food on the left side, the animal awaits quite stubboinly (about 
8 seconds) food on the right side. We attempted further to stabilize 
this reflex, training it 50 times in the same setting, and then making 
the isolated tual in the usual sequence, “i^w^AT-reinforcement,” with¬ 
out the preliminary giving of food and the other conditioned stimulus 
One has to take into consideration, of couise, all that we have 
said previously concerning the modification of experimentation dui- 
ing important tests 

In the conditions of our cxpeiiment, the F/IN, whicli is usually 
given only with food, is given for the first time separately. The 
experiment has shown that the nnimal jrcacts to the isolated F/I^ 
with an increased ouented investigative reaction, but the secretory 
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FIGURE 5 

First Isolaitd Stimulation by Fan Aftbr 50 Overlappings 
Note the motor reactions to the left (marked with cross) and the nbundant 
secretory reaction The dog docs not choose the side at random, since 
during nil the 15 seconds of isolated stimulation he stands near the chosen 

feeding-cup 

and motor reactions were quite distinct, the last being quite ade¬ 
quate to the side where the LAN was usually reinforced (Figure 5). 

The persistent motor reaction (maiked with a cioss) to the left 
side and a consideiable conditioned secretory reaction arc seen on 
this curve quite distinctly 

This last test fully convinaed us that the conditioned-ieflex 
activity during the action of the unconditioned stimulus may take 
place quite normally without any increase in time for its develop¬ 
ment. This test practically solved the basic problem we were con¬ 
fronting From then on we gave the isolated FAN only, according 
to the usual method, paying particular attention to the character of 
the motor reaction, as well as to the conditioned secretory com¬ 
ponent The latter giving with the first application 45 and 30 
scale divisions in 15 seconds, remained subsequently at about the same 
level, indicating that the piocess of its conditioned development has 
already been completed during its application on the background of 
the unconditioned stimulus 

The motor leaction proceeded with variable success, but did not 
diftei mateiially from the motoi reaction to the othei conditioned 
stimuli (tone, bell). 

Conclusions 

1. A conditioned stimulus on the right side, given during the 
action of the unconditioned stimulus on the left side, may interrupt 
the course of the unconditioned reaction and piovoke a motor- 
conditioned reaction 
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2 The possibility of a conditioned motor reaction during the 
action of the unconditioned stimulus indicates that the httei does 
not exercise an inhibitory action on the coitcx of the laige hem¬ 
ispheres, 

3. The indifferent stimulus given 3 seconds after the beginning 
of action of the conditioned stimulus may become a conditioned 
stimulus for feeding on the opposite side of the stand. 

4 The central nervous system is cap.ablc of realizing a veiy compli¬ 
cated positive associative activity at the time of action of the uncon¬ 
ditioned stimulus, and manifest an adaptability to the changing 
conditions of the experiment . 
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THE ESTABLISHMENT OF A CRITERION OF DEPTH 
OF SLEEP IN THE NEWBORN INFANT'** 

Ohio State UmvasUy 


IsARELLr F. Wagnlr 


Criteria of Sleef in the Neonwl 

In spue of ceiituiies of speculation, description, and moie iccently, 
ex pc 11 mentation concemmg the problem of sleep, few attempts have 
been made to define ‘^sleep*’ accuiately Up to the last decade, iiivesti- 
gatois appaicntly assumed that they knew what sleep was and hence 
needed no objective standaid for deteimining it. Their criteria, 
whatever they were, lemained subjective and unformulated 

The need foi an objective ciiteiion is not so apparent when we 
consider adult man, with his fairly definite ihythm of noctuinal 
quiescence and diuinal activity. However, in the case of the newborn 
infant, wl\cie this ihythm is not so definite, the need for a criterion 
of sleep becomes manifest. 

This obvious necessity was not lecognized until a few years ago 
Soon after a few concrete definitions of adult sleep were pioposed, cx- 
peiimentcis began employing objective ciiteim of sleep m studying the 
behavior of newboin infants In 1930 Piatt, Nelson, and Sun (19) 
used “eyes closed*^ as a sleep cilteuon in the newborn, if one adopts 
the definition they gave in a preliininarv description of the control 
peiiod Howevei, the ciitciion appaiently was modified slightly before 
then expenments weie concluded, foi on page 169 they stated that 
“the term ‘asleep^ means that the infants* eyes were closed and body 
inactive when the expeiiment started ” 

Iiwm (11) used the ciiterion, “ejTS closed and quiet*' Biyaii 
(1) defined the sleeping peiiod as that occurring right aftei feed¬ 
ing, but made no fuithei specifications Richter (20) apparently used 
high electrical skin lesistance as a criterion of sleep in both infants and 
adults Infants less than one year of age weie considered asleep by 
Maiquis (16) when the eves had been closed for one minute. Pratt 

^Recommended by F C Dockeiayi and leccived in the Editorial Office on 
DcLembei 31, 1936 

^rhis paper la part of the diaaertation picsented as partial fulfillment of 
the requirements for the degree of Doctor of Philosophy in ihe Department of 
Psychology at the Ohio State Uoi\ei5ity 
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(18), in n discussion o{ sleep iii the neonate, decided that theie were 
as yet no ade^iiiate criteria of that condition 

In the later work of Irwin and his students, Weiss and Stubbs (14> 
22, 24), the condition, ‘Vsleep/’ was not defined, hut peiliaps we may 
again assume that they were using the same definition, earlier adopted 
by Irwjiij that of eyes closed and body quiet 

In the recent studies in infant behavior made at Ohio State Unt- 
versity, Dishcr (7), like Delnian (S) a yeai later, used dosed eyes 
and lack of observable movement as cnteria of a condition of sleep 
which was always rcquiied preceding the application of stimuli 
Similarly, Taylor (23) remarked that 'ht is always difficult to 
describe what is meant by sleep, and m the case of infants the task 
IS even more difficult Following Disher, we have assumed that the 
infant is asleep when eyes arc closed and when it is making no observ¬ 
able skeletal movements” (Page 72) Dockerav and Rice (8), like 
these othci expcruncnteis, were concerned with a description of ^^eep* 
only m order to desciibc the conditions accompanying the ptesentation 
of stimuli 

In order to observe the reactions which could be attributed to 
the stimulus, it was necessary that the infant should be quiet, 
or "naleep" Ffie only criterion of this condition was that the 
infant had not moved for at least one minute before the stimulus 
waa applied In nearly all instances the eyes were closed In 
scvcrnl cases the breathing of an infant indicated that he might 
be more deeply asleep than at other times, but as yet there la no 
ob;ectlvc evidence for suich an assumption (Page 86) 

Purpose of the Present Investigation 

Aftci considering these vaiious uiteim, the question arises ns to 
whether or not it is possible to establish u more accurately described 
criterion of sleep in the newborn infant Only by this means could 
wc answer such queries as Is regular breathing important in de¬ 
fining infant sleep? Aie there different stages of sleep depth in in¬ 
fants such as investigators have described in adults How con¬ 
tinuous must inf<int immobility be in order to cull it sleep? Are 
there variations even within d condition of **sleep,” as described by 
an 5 ' one investigator so far, which might he determined analytically? 
Is sleep a condition definite enough for us to state that the infant spends 
a certain proportion of its early life m sleep? 

The establishment of an adequate ciitenon of sleep, which indiiectly 
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will enable us to answei the above questions, Is the purpose of this 
investigation This cntenon will apply to newborn infants during 
the fiist ten days of life 

The point of view talcen heie is closely akin to that described by 
H M Johnson (15) a few years ago* “We shall say that an 
oiganism is awake to those changes to which it lesponds by specific 
movement, to all othei changes we shall call it asleep’* (Page 24). 
Sleep thus is partial and not absolute. 

However, Johnson has recently added that sleep is not measurable, 
and tlicrefore the term “sleep” is not applicable to any studies hereto¬ 
fore employing that name But it is conceivable that a statement that 
sleep IS not measuiable is just as arbitrary as that sleep, within 
specified limits, is measuiable And if the teim “sleep” is given a 
carefully restricted connotation, certainly there could be no objection 
to the use of the teim We agree that the word “sleep” is widely 
misused and little understood, and that it would no doubt be pieferable 
to discard it entirely. But since the teim is deeply rooted in the 
popular vocabulaijs we can at least redefine it and retain it m order 
to indicate tlie bearing which our present study has upon the mis¬ 
information which the layman calls “sleep ” 

As a starting point in this stud 5 '', we do not assume that there are 
two separate categories of “sleep” and “wakings” but tiiat sleep is 
lelatjve, and exists m different degrees or depths An infant is deepest 
asleep to that stimulus to which it makes no measurable response, 
and less deeply asleep when it makes a measuiable response. There 
may, of course, be responses for whose detection we have no appro¬ 
priate measuring devices Theiefore, where wc speak in terms of 
1 espouse, we refer Ireie to those iespouses measurable with the appara¬ 
tus employed in this paiticular cxpeiiment 

Now if an infant merely flexes its toes in response to one stimulus 
and moves its entire body in response to another should we say it 
IS equally asleep to both stimuli^ It seems logical to consider it less 
deeply asleep to the stimulus to whidr it makes the greater response 
Taking an infant in any condition whatsoever, then, we can apply 
various stimuli and obseive the responses made, judging the infant as 
being less deeply asleep to those stimuli to which it responds more. 

Ill what sense docs an in fan t lespond more^ This could mean (^r) 
a moic vigorous response, (/j) a moie extensive or widespread re¬ 
sponse, in terms of body parts, oi (c) a longei response, one of greater 
duration. In the first part of the present study an attempt was made 
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to use all three indices of a ‘^greater” icbponse But when various 
res polishes were classified as vigorous, moderate, and slight, it was found 
e'Streniely difficult to establish an objective standard for making the 
classification Granting that a distinction could more easily be made 
between ’Vigoious” and ‘Might" than between eithei of these and 
“moderate/' two classifications Jilone would furnish little additional 
sensitivity to a diifeiciitiatio/j of responses as “moje” oi “less*’ We 
arc left, then, with two indices foi differentiating iespouses to stimuli 
the extent of response, and the duration of response These shall be 
used in the discussion of lesults to be presented licieaftci. 

Assume, then, that we have found that infant S at ceitam times 
makes no response to a neodJe-pjick on the big toe, oi merely moves 
Its toes slightly Wc say, then, that S is deepest asleep at such times, 
at least with reference to the needle-prick* Suppose that another 
investigator wants to use a similar stimulus with infant R, while it is 
deepest asleep, in order, say, to determine the latent time of its le- 
sponse Must he keep on pnckifig ^’s toe until R finally fails to 
respond or makes only a slight Coe response? Or could u'e not find a 
certain overt pattern of relative immotiUty in the infant which always 
accompanies its minimal response to the stimulus? tf so, we could 
give ,i specific description of this observable pattern so that the other 
experimenter could ascertain the period of deepest sleep in infant R 
merely by observing R closely instead of stimulating R constantly to 
determine that period 

We therefore pioceedcd to make an extensive classification of all 
po^ssible conditions of motility on the pait of the infant, and tlien 
observed the responses made to stimuli in these various conditions in 
order to find out whether oi not they were indicative of different 
stages in sleep depth with rcfeience to the stimulus m question 
Depth of sleep, ns mentioned before, wab deteimined on the basis of 
the lelativc duration and extent of these responses to specific stimuli 
This classification is given in a discussion of the method of the expen- 
naent 

So far so good But suppose this aforementioned expeiimenter with 
infant R wishes to study R while deepest asleep to another stimulu*;, 
such as the odor violet May he assume that the overt pattern de¬ 
scribed for deep sleep with leference to a needle-prick on the big toe 
is the same as for the odor violet? In other woids, is sleep specific 
or general—IS an infant, who is deepest asleep to a needle-pnck on 
the toe, also deepest asleep to all other types of stimuli ? To answer 
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this question the experimenter applied a variety of stimuli arid then 
compared the responses made in each of the conditions specified 
IVIany othei questions arise which must be answeied by the present 
investigation If we can describe^ in terms of overt motility, sev¬ 
eral stages of progressively deeper sleep for one infant, will these 
Stages be applicable to all othei infants? The answer to this question 
can be ascertained by comparing the responses made m each described 
condition by a large number of infants. Will these stages vary ac¬ 
cording to the intensity, duration, and point of application of each 
stimulus? While intensity and duration were kept constant for each 
specific stimulus in this study, compaiison could be made of lesponscs 
to stimuli applied at the vaiious points designated 

There will be, of course, many questions concerning the sleep of 
the newborn infant which cannot be answered the picsent study 
This IS to be expected This study lays the foundation for further 
research dealing with numejous other angles of the problem by first 
determining when and how deeply an infant is asleep to specific 
stimuli. From this point we can proceed in the future to attack other 
phases of the problem such as the change \n G S R in the sleep of the 
newborn, the change m fontanelle pulse during sleep, and the relative 
amounts of time spent in various depths of sleep. 

Apparatus 

Each infant studied was placed in the expeiimental cabinet earlier 
constiucted and described by Pratt, Nelson, and Sun Temperature 
was maintained between 85 and 90 degrees Fahienheit by means of the 
heating unit in this cabinet Illumination consisted of the **cold light” 
of the neon grills described by Irwm (12) One side of the cabinet 
was open to give the expeumenter access to the infant, although this 
opening was piotectcd by a heavy curtain. Observations were also 
made through the small "window” at one end, directly above the 
polygraph platform fastened to the outside wall of the cabinet All 
data were recorded on the polygraph tape. 

For one poition of the investigation the stabilimetei employed by 
the aforementioned experimenteis was used, but was eventually dis- 
caided for reasons to be discussed latei Breathing recoids were 
secured by means of a pneumograph consisting of a small partially 
inflated lubbcr balloon held securely over the infant's abdomen by a 
gauze band, pressure changes were tiansmitted to a Marey tambour 
recorder which made an ink tiacing upon the polygraph tape Another 
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tambour recorded a btimuliis line Presentation of a btimulus was 
indicated by pressing a rubber bulb. A pneumatic device was used in 
preference to one involving an electromagnet in ordei to eliminate 
as much external auditoiy stimulation as possible. A pielimmaiy 
setup ^vith the latter type of stimulus line gave loud clicks which 
occasionally elicited overt response from the infant For a similar 
reason the time hue was finally omitted, and time measurements were 
made in ccntimeteis, as the tape lan at a constant speed. 

For the pain stnmili, the device described by Dockeiny and Rice 
was used, ‘*Thc stimulus was applied by means of a fine needle 
inserted through a small block of lubber so that tlic point of the 
needle piojected appioxirnately one-sixtecnth of an mch The rubber 
was tapered at the needle-point and to avoid contact with the skin” 
(Page 86). 

For the tactual stimuli a camers-Imir brush was used The experi¬ 
menter at first considered making a device with which pressuie could 
be Controlled mechanically, but finally decided that with careful prac¬ 
tice m handling the biush in a specified mamiei, the amount of pies- 
sure exerted could be regulated about as consistently as with a type of 
apparatus such as that described by Pratt, Nelson, and Sun 

For the auditory stimuli the experimenter used a Western Electric 
2-Z? audiometer with a Western Electiic 34-A? amplifier and a dy¬ 
namic speaker Two fre^^uencies, 256 and 2048, of a fixed intensity, 
were arbitrarily chosen as representative of low and high pitches 
respectively, after preliniinaiy observations Were made by the experi¬ 
menter and another observer with a variety of frequencies and inten¬ 
sities The audiometer and nmplifiei were placed on a low platform 
ill front of the cabinet, while the loud speakci was placed at a distance 
of SIX inches from the ears of the infant lying on the platform, The 
intensities of the auditory stimuli at this point six inches fiom the 
loud speaker wcic 22 dynes per square centimetei at the frequency of 
256 cicles and 24 at 2048 cycles^ 

Foi the olfactory stimuli the expciimentei used the apparatus con¬ 
structed and described bv Disher (7) A complete desciiption of her 
coustant-tempciatuie box and its incidental equipment can be found 
m the lepoit of her research with “chemical stimuli adminlsteicd 

nVe are indebted to Professor W L Everitt of the Communications Labora¬ 
tory, Ohio StQte University, who calibrated the instrument in the infant's 
cabinet 
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nasally,” Only five of her eight stimuli weie used, howevei • pyri¬ 
dine, violet, sassafias, tuipcntine, and lemon. 

Subjects 

The expenment was earned on in the psychology laboratory on the 
fouith flooi of the University Hospital, m one wing of the maternity 
waid The subjects weie noimal full-teim infants from the clinical 
waid and vaiicd in age fiom tliiee houis to 10 days, though in Part 1 
results from three infants 11 days old were included The majority 
of the infants were first-born, and hence the median age of the 
mothers hovcied about 18 or 19, All infants repoitcd "colored” on 
their recoids were classed as coloied, although in some the percentage 
of coloied blood was so small that there were no negroid character¬ 
istics appaient in the infants. Many of the mothers were unmarried, 
and practically all the parents weie of low socio-economic status. 


TABLE 1 

SunjECTS Used in Experiment 



White 

Color 

Colored 

Gu Is 

Sex 

Boys 

Total 

Subjects 

Total 

Trials 

Part 1 

61 

39 

50 

50 

100 

. 180 

Part 2 

37 

26 

27 

36 

63 

90 

Part 3 

18 

16 

15 

19 

34- 

69 


Hence a total of 197 infants was studied in a total of 339 trials, 
with 5342 separate stimuli. 

Method 

Getieral Ftocedtne Our study is divided into tliiec parts accoid- 
mg to the temporal sequence in winch these portions of the investi¬ 
gation were peifoimed. Part 1 includes only pain stimuli, consisting 
of needle-pricks applied to the big toe Part 2 includes pain and 
tactual stimuli, applied at vaiious points, and olfactoiy stimuli. Part 3 
includes only auditory stimuli 

The presentation of each stimulus was kept as constant as possible 
Pain stimuli were applied at one of several points, (a) the middle 
of the cheek, {b) foreaim—outer suiface midway between wrist 
and elbow, (c) hand—back edge of palm, (d) leg—outer surface 
midway between knee and ankle, oi {e) big toe—about center of 
bottom. If the infant gave no oveit lesponse to the fiist pnek, the 
stimulus was repeated at foui-second intervals until some response 
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was observed, A limit of ten consecutive stimuli was arbitrarily set> 
even though no response occurred to the tenth stimulus. This repeti¬ 
tion of pain stimuli does not apply to Fart I 

Tactual stimuli weie likewise applied at one of several nicas. 
(^ 7 ) cheek—brushed from level of nostiil toward the ear foi a dis¬ 
tance of about 2^ inches; (b) nostiil—tip of biush placed at nostiil 
at moment of inspiration and drawn acioss edge of nostril; (/:) lowei 
hp—blushed from infant’s right to left just above cleft m chin, foi a 
distance of about 2 inches, {d) hand—brushed in an arc from mount 
at base of thumb acioss center of palm to lower outei edge; {e) foot 
—sole brushed fiom heel upwaid in median line to point juj>t below 
tlilid toc,^ 

The pressure of the tactual stimulus was kept practically constant 
by holding the brush as ncaily pcrpendiculai as possible to the sur¬ 
face stimulated, deflecting the cameFs-hair point about half its length 
The c'^perimeiitcr practiced fiequently on her own hands to obtain 
in addition a subjective impression of pressure equality 

As with the pain stimuli, within a limit of ten the tactual stimuli 
were applied until an observable response was obtained Foui seconds 
elapsed between the beginning of one stimulus and the beginning of 
the next, approximately three seconds were required for the biush 
stroke itself, and about one second for shifting the bi ush point back to 
its initial position 

The odors were applied in the manner specified by Dishei Witli 
any given odor, 20 cc. of a saturated solution were drawn off mto the 
hypodermic syringe, whose outlet was then pointed dncctly into the 
nostril of the infant at a distance of about one centimeter from it. 
An interval of five seconds was required for the release of the stimu¬ 
lating substance in order that the air current would produce no tactual 
stimulation Olfactory stimuli were not summated, for adaptation 
to the stimulus might have occurred. The odors presented were 
always at least five minutes apart in order to allow for such possible 
adaptation effects. 

Each aiiditorv stimulus was of five-seconds duiation Hcic again 
no attempt was made to sunimate the stimulus effects by serial repeti¬ 
tion. The stimuli were presented in such a way that there was no 

*To answer the question as to whether the direction of stroking altered 
the results, the experimenter inserted several stimuli where the sole was 
stroked from the toes downward There was no indicntion of a difiFcrcntml 
response 
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abrupt beginning oi tcimmation to the sound, since some investiga¬ 
tors have reported infant responses to sudden stimuli of any variety 
The serial presentation of each type of stimulus was practiced by 
the expcrimentei in several preliminaiy tiials, ignoiing the lesponses, 
but watching an electric clock in ordci to time the presentation cor¬ 
rectly These piactices were lepeated fiom time to time throughout 
the investigation! and also checked afterward by mcasuiing the time 
intervals indicated on the stimulus line 

Simultaneously with the applicatign of each stimulus, the bulb foi 
the stimulus line was pressed* If the stimulus presentation icquired 
the use of only one hand, the bulb was pressed with the otliei hand 
But if the stimulus piescntation required the use of both hands, the 
bulb was placed on the floor and piessed with the foot With the 
pain and tactual stimuli, the pressure on the bulb was leleased imme¬ 
diately, but with the olfactory and auditory stimuli, pressuie was 
not leleased until the teimination of the stimulus application Thus 
a characteiistic initial and final deflection in the stimulus Line was 
made by which the duration of the stimulus could be checked 

The infant was biought in from the nursery and placed on the sta- 
bilimeter platform, clad only in diaper and shut, in the youngei 
infants the navel was bandaged, A fresh strip of 3-inch bandage gauze 
was pinned about the abdomen, overlapping fai enough at the ends to 
cover the pneumogiaphic balloon, which was then pinned into place 
When the stabilimctei was used, the level locking the apparatus was 
lelcascd, and the pens began to lecoid The expeiimontei then re- 
coided on the polygraph tape such data as the infant*s name, sex, 
age, condition—dry, damp, wet, oi soiled—and time. Then by means 
of activity symbols which were modifications of those used by Pratt 
(19), the expenmenter kept a running account on the tape of the 
infantas behavior, with only brief intei ruptions for going aiound to 
the side to present a stimulus. Returning quickly to the polygraph 
tape, she recoided the response, if any, and marked on the lespiiatoiy 
hne the approximate point at which the response had ceased. It may 
be objected that this was too much for any one person to do without 
missing portions of the behavior However, with a long preliminary 
practice, the cxpciimcntci developed a high degree of pioficiency in 
recording responses quickly and concisely, and shifting position rapidly 
while keeping the infant in view Furthermore, for part of the 
cxpeiiment an additional observer was used to make annotations on 
the tape with the standardized symbols, while the cxpcnmcntei re- 
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beside the infn.nt to iipply the stiimili and keep fi running 
record of her own. Later comparison of this record witli that of the 
other observer jevcaled omissions of less than 1 per cent in her own 
1 ecord T^here were occasional variations in the description of a 
specific beliavioi item, such as ^‘quick jerk of Icgs’^ versus ^^strong 
flexion of legs>” but such variations could in no way affect the results 
lii the light of the method of treating data 

Stimuli were at all times presented by the same expeiimenter in 
order to assure the maximal constancy in their presentation. Stimuli 
were applied at approximate! y one-minutc rnteivals In Part 1, the 
first portion of the investigation, only pain stimuli—necdle-piicks on 
the big toe—were used In Part 2, pain, tactual, and olfactory stimuli 
were used, the first two t 5 ^pes being applied at the vaiious points pie- 
vioiisly stipulated The stimuli were presented in a random order 
In Part 3 auditory stimuli were used almost entirely, with only an 
occasional introduction of other types The two frequencies were 
usually alteinated, but sometimes airanged in a less icgiilai sequence, 
Methori of Hatrdlut/^ Data The fiist impoitant step was to 
decide upon the behavior patterns which might eventually be differ¬ 
entiated in teims of the extent or the duration of responses to stimuli 
111 each condition 

After numerous preliminary obseivations, the cxpeiimentci decided 
upon the group of categories given below m which nearly every possi¬ 
ble bchavioi trend of the infant could be classified: 

A, Generally quiet, 

U No eychi\ or mouth movement 
a Regular breatiling, 
b Irregular breathing 

2, Eyelid movement 

3. Eyelid movement and inoiitli movement, 

4 Eyes open 

5, Eyes open, and mouth movement, 

B Occasional stirs of body members 

1. No eyelid or mouth movement 

2 Eyelid movement 

3 Eyelid nncl mouth movement 

4< Eyes open 

5. Eyes open and inoiith movement 
C Generally active 

No eyelid or mouth movement 

2 Eyelid movement 

3 Eyelid and mouth movement, 

4 Eyes open 

5 Eyes open and mouth movement 
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These conditions all refei to wliat has been noted in the onc-iiiinutc 
pciiod preceding stimulation 

Condition /I means that the infant has shown no body movement 
exclusive of facial lesponses for one minute preceding the piesenta- 
tion of the stimulus Condition B means that in the minute pieced- 
ing the stimulus at least two discrete stirs of a body part, exclusive 
of facial responses, have been noted, e.g, flexion of left hand and 
extension of right leg Condition C means that at Least one geneial 
body stir lasting more than five seconds has occuued during the 
minute piecediiig the stimulus application 

Regular bieathing may be determined by comparison with the types 
shown in Figures 1, 2, and 3. All other less regular types are classed 
as uregularj examples are found in Figures 4 to 12 

The subdivisions are similarly interpieted '^eyelid and mouth 
movement^^ indicates that at least two obseivations each of eyelid and 
of mouth movement have been recorded by the expciimenter during 
the minute interval pieced mg the stimulus "Eyes open'^ means that 
the infant’s eyes have been open almost continuously throughout 
the minute inteival, and are still open at the moment of stimulation. 
One additional point ntust be mentioned in connection with these 
classifications' Suppose that the minute period preceding stimulus X 
has been classed as During the minute following stimulus X^ 
which precedes stimulus only one stir of a body part is now noted 
instead of the minimal requiiemcnt of two The condition accom¬ 
panying Y, then, is still called 52> provided, of course, that the eyelid 
movement continues But if the interval following Y and preceding 
stimulus Z still levcals only one stir of a body member, with eyelid 
movement continuing, the condition is now called A 2 » The same pro- 
ceduie is followed where eye and mouth movement are concerned. 
If only one eyelid movement had been noted preceding Y in the 
case above, the conditions would still have been called though the 
condition at Z, likewise with only one eyelid movement picccdmg it, 
would have been considered a Bu provided the requisite number of 
body stirs continued Classification in teims of mouth movement was 
made m the same manner 

It may be asked why subdivisions for regular and irregular 
breathing wcie not made for B and C as well as /I The experi¬ 
menter did not note a single preliminary case where regular breathing, 
such as found m Ji^ occuiied in any of the othei conditions foi more 
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FIGURES 1-S 

T’iPEs OF Corves of Reguiar Brfathinc Found in Condition -/i 

A 


th^in a very short interval This initial obseivation was botne out 
in the final analysis of the entlie group of data Moicover, any bod)'' 
movement beyond slight hand and foot stirs tends to distort tlie 
breathing curve. And since conditions B and C by definition include 
a certain amount of activity, the possibility of irrcgulaiity in the 
records is enhanced all the more 

Also one might iisk why there were no subdivisions undci //, D, 
and C for mouth movement unaccompanied by e)Tlid movement 
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FIGURES 4-6 

Types of Brpathinr Founh in Conoition 

Again tliete weie no pieliminaiy cases wlieie tnouth moveinent oc- 
cuired npart from eyelid movement Final annlvbis of the data 
levealed onlv 45 instances out of the 5342 stimulations whcie such 
a situation aiose^ in othei words, only 8/10 of one pei cent of the 
stimulations weie accompanied by a condition in which mouth move¬ 
ment occuiicd without eyelid movement in the vsame minute interval. 

The choice of a onc-mmute interval was not a casual decision 
Continuous lecoids in a pielimmaiv investigation were obtained for 
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FIGURES 7-9 

Types of Bre\thing Curv^es Found in D Conditions 


the period between feedings; behavior annotations weie made on 
the polygraph tape, but no stimuli were applied* These records 
were scanned caiefully m Older to obtain the behavior classifications 
and also to choose an interval most sensitive to the type of bchavioi 
trends noted An interval of two minutes or longer would have 
obscured a brief change in trend, but an interval as shoi t as 30 bcc- 
onds, for example, would have emphasized these slight vanatvons fai 
too much A minute appeared to be about the length of time ncccs- 
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FIGURES 10-H 

Two T\pls or JIreathing Curves Found in C Conuitioks and One Illus- 

TRMlOa OF AY IsorATFD DFi P INSPIRA^lO^/ 

sai 5 ' to determine the particular bchavioi piittern existing before the 
picsentation of a stimulus. 

It must be lemembered that the infant, at the exact moment when 
each stimulus was piescnted, was completely quiet, le, there weie 
no observable movements of body members, eyelids, oi mouth, no 
matter ^^hat condition was defined by the preceding minute interval 
Only thus could wc assume that movement occurring immediately 
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jiftcr the presentation was a response to the stimulus and not merely 
a continuation of activity preceding; it 

ineasurement of the duration of each icsponse, in the absence 
of a tune line, was performed as follows The speed of the movinj^ 
tape was calibrated in order to measure the distance traveled in a 
ten-second interval This measurement agieed exactly with the dis¬ 
tance Indicated by the electromagnetic time line included in the earlier 
records. A celluloid luler was then constructed, and divided into 
units corresponding to the ten-second intervals previously asceitaiiied 
Measurements could then be made by placing the transparent luler 
directly over the portion of the lespiratory line which indicated a 
particular response 

With the pain and tactual stimuli, measurements of the duiation 
of the response weie always made from the point when the stimulus 
was applied to the point where the termination of the icsponsc was 
marked, unless a slightly delayed response was definitely indicated in 
the experimenter's annotations With the stimuli of five-second dura¬ 
tion—olfactory and auditory—measurements of the duration of the 
response were made from the point where the response actually began, 
as marked on the respiratory line, Of course, even here there were 
many cases where the response began with the initial application of 
the stimulus 

If the response lasted more than 20 seconds, it was marked as 20+, 
and considered as 20 in the calculations, Inclusion of total measuic- 
ments where some responses led to a long period of continuous activity 
would have distorted the recoids, blotting out significant trends in the 
data. 

Where any response other than respiiatoiv was noted, no attempt 
was made to include breathing changes in the measurement unless 
these changes were audible. As mentioned before, movement has a 
tendency to distort the breathing cuive and produce a false respira- 
torv record However, where no other response was noted, the 
breathing change was measured and included in the data. Such 
breathing changes could be noted easily only where tlie preceding 
breathing curve was fairly regular; when the bieatliing was genciallv 
irregular, the experimenter had to be very cautious in attributing iiny 
specific breathing iiiegularity, following the stimulus, to the stimulus 
Itself. Such a decision was made only wheic the ii regularity was 
quite unlike any of the irregularities m the respiiatorv cuivc during 
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the preceding minute An eaily attempt was made to lender this 
decision more objective by measuiing with a microscope the I/£ 
latios of a senes of respirations immediately pieced mg and immedi- 
atelv following the stimulus However, these 1/E ratios weie highly 
variable, and after struggling thiough several complex methods of 
comparing them the experimentei found that less information was 
piocured in this way than hy a caieful inspection of the tecord Since 
no tiend indicated bv the laboiious method could not also be ascer¬ 
tained with a fail degree of accuracy by inspection, and since in fact 
the I/E data furnished only a paitial description, the laborious 
method was abandoned 

In treating tlie data, questions aiose concerning the utility of the 
stabilimeter recoids secuied for half the trials in Part 2, A careful 
comparison of the stabilimeter records with the other data on the 
polygraph tape led to iejection of the stabilimetei data The reasons 
foi rejection were as follows 

(^ 7 ), The stabdimeter is not sufficiently sensitive foi the purposes 
of this investigation. Slight hand, foot, and facial movements, so 
important in this study, are not recorded by this type of apparatus. 

(/>} The stabilimetei is best adapted foi recoiding gioss motility, 
crying activity, or sudden, jerky movements In this study we aie 
not interested in gross motility as such The stabdimctei hcncc tells 
us less about what we want to know than do the bieathing curve and 
lunning annotations. 

(c) The accuracy of the stabilimeter, as constructed in the earlici 
studies, is dubious Bilaterally sj^inmetrical movements would tend 
to cancel each other. One end of the stabilimetei, by virtue of its 
constiuction, is much moie sensitive than the other, and with the 
head of the infant habitually placed at that end, there is a tendency 
foi the records to emphasize cephalic movements and undeiestimate 
caudal movements. 

Disregarding the stabilimeter lines, then, the expeiimenter went 
thiough the lecoids ininutel)^ writing down at each point of stimula¬ 
tion the condition of the infant as determined bv the preceding minute’s 
activity, and the duiation of the lesponse Foi the lecoids of Part 
1 and Part 3, the data weie tabulated accoidmg to the stimulus, the 
condition of the infant, the side stimulated (light 01 left), specific 
natuie of response, duiation of 1 espouse, age, sc\, and color Foi 
Part 2, the sex and color tabulations wcie omitted. 
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The age of the infant was tabulated thus birth to 24 hours, 0 
(lays, 24 to 48 hours, 1 day, 48 to 72 hours, 2 days. etc. In othci 
words, a 6-(lay-old infant in this classification was one expenmented 
upon dining the sevcntli day of its postnatal life. In Part 1, however, 
no 0-day classification was used; all infants up to 48 liours of age 
were placed m the 1 dav group 

Wliilc It IS obvious that conditions can be compaied in teiins of the 
mean duiation of a response in seconds, it is not so obvious that condi¬ 
tions can be compaied in terms of extent of icsponsc It was at first 
thought possible to assign lelativc numerical values to lesponses, 
giving toe and fingei movement, say, a value of 1, foot and hand 
iiuivcment a value of 2, kg and aim movement a value of 3, and so 
foith, in oidci to get a comparative niimciical estimate for vauous 
types of responses But the difficulty of justifying such an aibitiaiy 
scheme became incicasingly evident 

Fuilhci difficulty arose in detcimining stages of “sleep depth” 
mciclv in lei ins of changing peicentagcs of total-body movements Is 
a bodv jcik the equivalent of a general body stii ^ Both involve the 
entiic body, but casual obseivation indicates tPiat in some stages of 
apparently deepening “sleep” the body jeik or staitle is a chaiactciis- 
tic response A glance at the data indicates that the older of “sleep 
stages” would be quite diffeicnt foi the body jeiks and gcneial stlis, 
in some cases the oidei would be almost exactly leveised Next, 
consul Cl mg “sleep depth” in tcims of specific, localized icspo rises, 
wliat lesponses should we consider typical of “deepest sleep”'* Is a 
leg-only response the equivalent of an aim-only oi head-only le- 
sponse^ Is a mouth-only i espouse the equivalent of toes-only^ The 
same questions apply when evaluating responses in combination with 
othei icspo uses. You might suggest that wc take each stimulus 
separatch and determine “sleep depth” in teims of lesponses localized 
with Lcfeience to the specific stimulus used. But infant iespouses aic 
gcnciallv not considered sufficiently localized with lefeicnce to a 
stimulus to >iistify such a procedure, Foi example, what coinpniativc 
\aluc would be assigned to a toe-flexion and a finger-flexion response 
tu a toe-pnck> Furtheimoie, what is a localized icsponse with 
reference to an auditory stimulus? And should wc expect tlic same 
degree of localization to an odor as to a needle-puck^ 

It seems, then, that the only wav to establish “sleep depth” iii 
terms of extent of lesponse would be to lank conditions with leferencc 
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to each type of lesponse listed, such as no iespouse, toes only, oi leg 
plus, and to each type of stimulus used, and then find some way to 
nna]yze this innsb of data to dctcinnnc any gcncial agieemcnty if any, 
as to the ordei of stages of “sleep depth 

Rather than lesoit to such a hopelessly complex method, the ex- 
pciimentei consideied it piefeiable to deteimme stages in sleep dcptJi 
m teimb of duration of icsponse and then note the tiends in terms of 
extent of response thioughout the stages thus lanked In the tables 
of data foi extent of lesponse, then, the stages weie aiianged m the 
01 del dcteimined in teims of duration of response. The per cent 
of occurrence of each type of response listed could be tiaced from 
stage to stage Thus a caieful suivey would indicate whether the 
order of sleep stages seemed justified, though the pumary puipose of 
such tables would nut be justification so much as an inspection of 
general trends 

TJie following categones vvcie used in these tables, no response, 
bieathmg change, toes, feet, legs, fingeis, hands, arms, head, mouth, 
yocal, facial, eyelid, body jeik, general stii, and body jeik and stii 
Except for the first, no response, and the last thiee moie widespread 
responses, each item was listed according to whether the moyement oc- 
cm red alone or in combination with other responses, such as head 
only and licad plus, mouth only and mouth plus 

Discussion of Results* I 

Respoifses to P/mt Stimuli Examination of the data leveals that 
in terms of duiation of response, in seconds, to a needle-puck on the 
big toe, the stages of decreasing depth of sleep aie* ^■f 2 , 

5i, Ciy /fa, Co, C 3 , Ciy B 4 y Gn, and In othei words, a quiet 
infant who bieatlies regulaily and shows no eyelid or mouth movement 
(condition ) gives tiie shoitcst 1 espouse to a needle-prick stimulus 
applied to the big toe Theie was no instance of an condition 
The largest numbei of cases were secuicd foi Ai^, Ai^^ Bj, and B^, 
and the least for conditions in which eyes weie open, with or without 
mouth movement 

The cjjtical ratio foi each successive two stages as given foi tliis 
set of data is 6 79, 4 38, 1 08, 0 12, 1 36, 0 46, 0.07, 1 22, 2 57, 0.33, 
0 21, and 0.05. The only sequences for which all successive stages arc 
significantly diffcient aie Ai^y and (6 79, 4 38, 5 77, 

3 26), or Ai^y Cj, and Cj (6 79, 4 38, 4 36, 3 71) Stage 
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IS not significantly different from dthei Ca or Ca, and wliile Ca ib 
significantly different from Bf^ (3.83) Ca not (1 91), 

Merc inspection of the trend of time scores when cLisscd accord¬ 
ing to age oi sex or color shows that theic is no consistent variation 
in terms of tliese variables. Regarding age differences, we find that 
while the responses in condition are always shorter than in 
Ax , whatever the age group, there is no consistent increase or deciease 
in the length of response for eithev c-ondition from oi\e age group to 
anothci The average response increases from 1 7 seconds at 1 dav 
to 4 0 becoiids at 2 days, decreases to 3 0 seconds at 3 days and to 2.2 
seconds at 4 davs, and then jumps up to 3 3 seconds at 5 days There¬ 
after It decreases In the 6 - find 7-day groups (2 4 and 1 2), rises 
slightl) (to 16) at 8 days, and reaches 2.9 at 10 days, at 9 days 
llicic were too few data to compute a mean The variation fiom day 
to dav of the duration of lesponse in condition ^ is also liiegular, 
though not a duplicate of the variations of the data The dav- 
bv-day changes aie as follows; increase, incicasc, decrease, decrease, 
decrease, increase, decrease, increase 

If wc compare the results for conditions B>i and wc again find 
that there is the same sequence in every age group, that is, the 

responses in condition B 2 are always shorter than those in condition 
^ 3 , Howevei, the degree of the difference is variable as is the length 
of response in either condition from one age group to another. The 
order of change in the 5o stage is increase, decrease, increase, deciease, 
decrease, increase, increase, increase, decrease, m the B 3 stage the oidcr 
IS I increase, decrease, increase, decrease, increase, Increase, no data, 
increase, decrease. While the older of change Is similai the gross 
amount of the variation in seconds is not consistent (for + 1 . 6 , 
—I 9, +0.4,--0.2, +1 0, +0.6, +2 3,-2 5; brigs’ +7.5,-12 2, 
+4.3, -1 5, +0.6, +3 1, —, +0.9, —1 0). 

Consideration of the color and sex data indicates that the response 
of the colored infant, as compared with that of the white infant, is 
longer in Ax^ and Ai ^^, shoiter in A^ and longer in Bu B 2 , and 
shorter in and ^ 3 , longer in Ci, and shorter in Co, C 3 , C 4 , and Cn 
The sequence of stages of sleep depth is the same only for Ax Ax , A 2 , 
5g, and Cj 5 . . > 

Comparison of the data for male and female infants likewise reveals 
no definite sex difference The response of a male infant is shorter 
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than that of a female infant in conditions and ^a> longer 

in Bit ^23 ^^<1 B^t equal in 5|, longer in B^y shorter m Gi and 
longer in C^, shorter in C^y and longer in 6^5* The sequence of sleep 
stages LoinLlde-. with respect to stages ^2, <^i, ^23 ^a» 

Cg, and Cg It IS noticeable that the chief disagreements m sequences 
for sex and col 01 center around those stages for which we have the least 
data, and hence cannot be considered significant, 

1 he lack: of consistent vaiiation m terms of such variables is not 
sui prising m view of the findings of previous investigators, wlio in 
genei al ascertained no significant color or sex differences in infants, and 
only doubtful age differences. Color as such is hardly a logical dif¬ 
ferentiation, because of the extremely variable percentages of white 
blood in the infants designated as colored The possibility of age 
differences seems inther slight when we consider the fact that even 
so-called normal, full-term infants may differ in age as much as the 
niimbei of days in the age span studied heie With this much dif- 
feience in pienatal age, \ve should hardly expect consistent day-bv- 
day alteiation in the responses of a group of infants classed onlv 
uith icfercnce to postnatal age What we can do is to compare the 
youngest infants, say, 0, 1, and 2 days of age, with the oldest infants, 
8, 9, and 10 days of age This would allow for some variation 
in prenatal age Such a compaiison here reveals a slight tendency 
for the 1 espouses of the older infants to be of greater duration, save 
in the /J\^ stage of motility One might interpret this on the one 
hand to mean gieater sensitivity with increasing age save m conditions 
of least motilitj'. Oi one might say that the motilit}' stages keep about 
the same order with increasing age but that the responses are longer 
except rn conditions of least motility, where the responses are even 
«hoitei than duiing the first few days after birth 

Oin next consideration is the second factor, extent of response. 
The data wcie tabulated to show the percentage of instances in which 
any specific lesponsc occuircd, either alone (as toes only) or in com¬ 
bination with some other kind of movement (as toes plus) The 
conditions were airanged in the order of decreasing duration of 
response The tabulated data indicated, for example, that in condi¬ 
tion AI theie weie 324 instances when the infants were pricked with 
a needle on the toe, in 21,9 per cent of these instances there was no 
response, of 260 cases of stimulus application in condition Aj^^y there 
was no response in 10 0 per cent of the instances, of 145 stimulus 
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applicntions in condition 69 per tent of the cases icsulted in no 
observable icspouse Going back to the condition, we tan see 
that ill 0.6 pei cent of the 324 stimulus presentations, the response 
consisted of a bicathing change alone—a deep inspiiatioii, oi an 
obvious change in amplitude oi fie(|uency. In 4,9 pci cent of the 
324 presentations, a breathing change occuned in combination with 
some othei form of activity In 4,0 pci cent of the total numbei of 
stimulus picsentatioiis in condition the icsponsc consisted of toe 
movements alone, but in no instance did specific toe movement occur 
irt connection with some othei type of lesponse, T.he other figuLcs 
could be read similaily. 

We find a steady dcciease in the number of cases wlicie no lesponse 
occurs as wc go from conditions of least niotilitv to conditions of 
gi eater motility, save foi conditions and Ci, that is, the pei cent 
of cases whcie no icsponse occurs is 21,9 m 10 0 in //i,^, 6 9 in 
^2, 5 4 in /jfo, 4,2 in /Ai 1 3 in C25 and I 0 in Z?*,, but m conditions C3, 
Cfo and 5'> thcic aic no instances at all where a stimulus fails to 
elicit A lesponb-e, Toe movements in gcncial decicasc, a icsponsc of 
toes onlv is observed in 4 0 pei cent of the cases in /i , 1 5 pci cent in 
and 2 3 per cent in A 2 i but never occurs m the othei conditions; 
a toe-plus response occuis in 0,4 pci cent of the cases in and 3,7 
pei cent m ili, but in none of the othei cases 

Continuing our analysis in this fashion, we find a stoadv dec lease 
in no-rcsponscs and in specific, localized responses like toes only, feet 
only, and legs only, though the deciease is not always legulai, the 
chief irregularities occuiring in inteimediate stages like /A, liu ami Cn 
foi which fewci cases are cited The per cent of body jciks varies in 
an iiregular fashion, but there is a marked increase in the numbei of 
gcneial stirs as i espouses in conditions of gicater motility, besides a 
tendency foi body jciks plus geneial stirs to inciease, thougli this 
incrcabc is somewhat iiicgul.u; 111 other woids, theie is less likelihood 
that a body jerk will be followed by a general stir when the infant is 
gcneiall} quiet than when U manifests more activity EveUd move¬ 
ment appears more frequently, although none is recoided for condi¬ 
tions C4, C5, and This may be due, on the one liand, to the small 
numbei of cases, and on the otliei hand to the fact that the e5^cs aie 
alreaclv open in these conditions, and hence specific eye inoveinents 
would not be noted so icadily 



ISABELLE r WAGNER 


39 


Vocjil, mouth, nud facial concomitants increase m those conditions 
of greater motilit}^ Xhough legs-onlv movements dccteahc some¬ 
what, leg movements in combination with othci movements inciease, 
though with gieat iiicgulaiity While the pei cent of head-plus move¬ 
ments does not vary consistcntlv, theie is in no stage of sleep dcptli a 
head response alone, and only occasional lesponses of toes-plus, 
fingcis-only, oi plus, handvonly, aims-only, mouth-only, facial-only, 
or vocal-onlv* 

In general, then, whatcvei the condition, specific, localized iespouses 
tend to be icplaccd by moie complex patterns of jcsponsc witli ccphalad 
components as the infant becomes moie active 

It IS not suipusing that so many body jciks aie found in the 
and groups In the newborn as in the adult, what appeais to be a 
piQcess of falling asleep oi at least sinking into decpci sleep is fre¬ 
quently chaiacteijzed by body jeiks oi staitles This is not true of 
what appears to be a waking-up process. The body jeiks, while still 
frequent in the stages of gicatei activit)^, weie obseivcd to be of gieatei 
duration than those in ^ and and often wcie followed by gen- 
eial stus, tins diffcicnce in the length of the body jcik is hence em¬ 
phasized moie in a /hitaftoji tabulation than in an exfetjf tabulation 
It should also be noted heic that the pet cents of body jeiks found 
in the vaiious sets of data aie often the lesult of a few individual cases 
whcie the typical leaction was a body jerk; m othci words, some in¬ 
fants seemed somewhat tense and “jumpv’' even in conditions 
■and Ai^ 

Discussion oe Results, II 

Res/>o/tsfs to fiaffiy tactual, and olfactory sttrnulf Inspection of the 
data gives us many inteiesting facts concerning the dmation of lesponsc 
to pain, tactual, and olfactmy stimuli As theie aic only two instances 
of an // j condition, none of five, of /Jj, nine of thice nf C\, and 
five of Cj, these conditions cannot be compaied with the othcis 
The data aie inteipreted thus Biush—foot—1,5 in means that 
the lesponse of an infant in this gioup to the sticking of the sole of 
the foot with a camelVhair brush lasts on the aveiage 1 5 seconds 
when the infant has been quiet, with no eve lid or mouth movement, 
and bieathmg legulailv foi one minute befoie the stimulus is applied 
Brush-total —29 in An indicates that the average duration of the 
infants’ responses to brush stimuli as a whole is 2 9 seconds when 
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the infant has been quiet, with only eyelid niovcmcnt, for one minute 
before llic stimulus piescntation* ihe lemamder of the data aie ni- 
teipretcd similarly 

For any type of stimulus, then, we can rank the^e various condition', 
as stages of decreasing sleep depth, placing fiist on the hst the coadi- 
tigii III which the jcsponse is shortest, for in terms of oui ciiteuoii tins 
icprcbciits the deepest sleep with lefcrcncc to the stimulus under con¬ 
sideration, For example, for a foot-brusi\ stimulus, the stages of steep 
depth, ranked from deepest to lightest sleep, aic : 

Csi 


TABLE 2 


Pnin 

1 actual 

Odor 

All 

Ai. 


Al. 

^1. 







Bi 

^ 1 ,. 



Aa 


A, 

Ao 

A. 

A, 

B, 

b’ 

B, 


Ci 


c, 

c.. 

^3 

Cs 

Ca 

C3 

C3 


Q. 

Cn 




c, 


1 he crit\cs\l ratios for each two successive stages in P^vrt 2 me «\s 

follo^is: 2,17, 0 J 6 , 0J3,1,83, 0J8, 2 18, 1.75, 1 09, 1.70, 0 88 The 
onlv sequences in which each stage is significantly different fiom the 
mcccedmg ape are: Ga, C 4 (4 23,4 23, 3.06, 3 04) and 

di^j B**, Gq, and (4.23, 7.35, 2 98, 3.04), Stage is almost 
eligible for each sequence ^ the ciitical ratio foi //j and Bq is 2 19, foi 
J'nd 2. IR, and for Co and Jig, 175 

Responses in any condition aic lorigei foi toc-needle, lip-biush, and 
nostriFbriish stimuli. We sav tLat these areas are most sensitive, 
OT that the infants sleep m any stage is less deep with respect to these 
stimuli than to the others in the group Furthcrmoie, the responses 
to the tactual stimuli as a whole are shorter than to either needle 01 
olfactory stimuli in any condition save that of deepest sleep 

Howevei, in spite of these variations, it is inteiestmg to note that 
the ordei of the stages is fairly constant fioiii one type of stimulus to 
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anothci, save foi conditions Bi anti Responses in condition Ai^ 
aie always shoitei than in Ai^^ except foi the hand^biush, nostul- 
brush, violet, and lemon stimuli, but the differences arc too slight to be 
leflectcd in the totals for each gioup of stimuli responses are 

always shoiter than A* responses with needle and odoi stimuli, though 
inversion occurs with three of the brush stimuli However, A re¬ 
sponses aic always shorter than B 2 icsponses, whatcvei stimulus is used 
The numbei of inversions of the sequence pjeyjously given foi all the 
stimuli combined me. An and B 2 —7 (foi 7 stimuli the response in con¬ 
dition A 2 IS longei than in condition B 2 ) , ^2 and —5^ B^ and C 2 — 
2; C 2 and C 3 —2 Thcie aic msufficicnt data to compaie Ca and C 5 * 
It must be lemcmbeied that many of these vaiiations are traceable to 
the small number of cases from which a mean is computed 

With these data as with those in Pait 1, theie are no consistent 
variations appaicnt when tabulations are made accoiding to age, even 
when tlic 0-> 1-, and 2-day groups are compaied with the 8-, 9-, and 
10-day groups For example, let us compaic conditions Ai^ and Ai^ 
Muth reference to brush stimuli. At 0 davs, the response m condition 
Ai^ IS shortei than in /ii,, ; at 1 and 2 da 5 ^s, the A]_^ 1 espouse is longer^ 
at 3 days it is equal in length to the Ai^^ lesponse, at 4 and S days it is 
again shorter, and at 6 days equal At 7 davs there are too few data 
for a compaiison At 8 days the response is longer, at 9 days 
shorter, and at 10 days, again longei than the lesponse in condition 
A^^ It is obvious that no consistent variation in tcims of age exists 
in the lelationship of the Ax^ and stages when brush stimuli are 
used. Nor is there any consistent variation from one day to another 
in the mean duration of response in either condition considered alone 
In the condition, the aveiage length of lesponsc increases from 
2 0 to 2 1 to 2 3 seconds in 0-, 1-, and 2-day groups, but decreases to 
2 0 seconds again at 3 days and to 1.6 seconds at 4 daj^s At 5 days 
It uses slightl5^ to I 8, and then drops hack to 1 5 in the 6- cand 7-day 
groups, The duration jumps up to 2 8 at 8 davs, diops back to 1 9 at 
9 days, and finally uses to 3 0 at 10 days A similar analysis of the 
remainder of the data reveals the same lack of consistent vantion, 
whether one considers the sequence of conditions from one age group 
to another or the variation in length of response fiom one age group 
to another in the same condition 

Turning now to a comparison of lesults wheie the three voungest 
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anti the thiec oldest age gioups are combined respectively^ wc hlcewiije 
find no consistent variation The older groups have a longei response 
to brush> needle, and odoi stimuli than the younger m condition 
, shorter in , longci m A 2 ^ shoitei in 5o, and longer in The 
sequence is leve^se^I in the older groups, but tlie diftcrciice is 
very slight, the and <«equencc is constant, but the A 2 stage pic- 
cedcs Ai^ in the joungest group, and follows ffs m the oldest groups. 
Since these positions aic not a true leflcction of the variations appment 
in the data for individual stimuli, \ve cannot accept them as icpre- 
sentative of true age difteiences. 

An additional measure is included heie—the numbei of btimuli 
required to elicit a response* This mcasuic, of couisc, is applicable 
onlv to the pain and tactual stimuli, which alone weie summated 
Again wc find the toe, lip, and nostiil “most sensitive”; that is, in any 
condition the IcwC^t stimuli weie required to elicit a iespouse when 
these areas were stimulated The lank-order of conditions here is given 
in Table 3. 


TABLE 3 


Needle 

Brush 

Both 

lii 


1 1, 

^ 1 . 

^ 1 . 



A 3 

Bn 

A 3 

Bl 

Ao 

^3 

Ba 

Ba 

Ao 

Ag 

Ba 

si 

B) 

Ca 


C, 

^2 

Cg 

c. 

C-. 

Ca 

c-. 


We aUo note some slight disagicement with the classifications pre- 
vioublv cited. TJicugh the Ai gioups again come fiist, the Ai^^ condi¬ 
tion icquires moic stimuli to elicit a response to tactual stimuli than 
docs the condition The relative position of the and ^3 condi¬ 
tions IS the same The and C, conditions foi both pain and tactual 
stimuli require the fewest nuniber of stimuli to elicit a lesponse, but 
With tactual stimuli the Cs stage precedes the Bq stage Just as in the 
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duiation-of-iesponsc classification, the Bi, /I 2 , and conditions aic 
quite variable in their relative positions. 

In the extent-of-iespouse tabulations foi Pait 2 the pain and tactual 
stimuli weie giouped as follows* {a) head stimuli—cheek-needle, 
cheek-hiush, lou er-iip-biush, nostiil-biush, (If) aim and hand stimuli 
—arm-needlc, hand-needle, hand-buish, (c) leg and foot stimuli— 
leg-needle, foot-biush, toe-needle. The data wcie giouped thus in 
01 dci not to obstuie the existence of specihc types of localized lesponses, 
since examination of the data levealed that there is some tendency 
for localized lesponses, when they occur, to occur close to the region 
of stimulation The olfactoiy stimuli were of course giouped togethei 

The responses to pain and tactual stimuli aie classified accoiding 
to extent of 1 espouse legardless of the number of stimuli required tor 
eliciting the icsponsc There aie not sufficient data to classify them 
specificallv accoiding to the numbei of stimuli icquiied. In the 
110-1 espouse catcgoiy we have the per cent of instances wheie more than 
one stimulus was ncccssaiy 

With stimuli applied to poitions of the face, lesponses show trends 
sirnilai to those in Part 1 Repetition of stimuli to pioduce a lesponse 
becomes less fiequent as gcneial motility increases The per cent of 
breathing changes decicases fiom condition to conditions of 

greatci motility as a component of the 1 espouse save m Az and C 3 , 
Aim, Jiead, and mouth responses m cumbiiiation aie geiieiallv fre¬ 
quent in any condition, although theie aie fewei mouth components in 
responses in conditions Ai^ and than in any other condition, 
save C 5 , where, howevei, theie is a total of only 6 cases Nevertheless, 
facial, vocal, and eyelid components incicasc as the infant becomes 
moie actnc Leg lesponses aie about the same, but the per cent is 
consistently less than that of arm and head icsponscs Theie are 
generally few highly specific 1 espouses such as toe and fingei move¬ 
ments and mouth or vocal lesponses occuiiiiig alone. The lack of 
specific, localized ic^ponse is especially m.uked in the C conditions, in 
C 2 , Csf and Cn there are no resj^onses such as brcatliing-change-only, 
tne 01 fingei movements, movements of feet alone, 01 of vocal, facial, 
or eyelid response alone In general, body-jeik lesponses decrease as 
motiiity mcicases, while gencial-stir lesponses mciease There is also 
a slight tendency, as in Pait I, for body jeiks to be followed im- 
mecliatelv by gcneial stirs 

The data obtained fiom stimulation of the arm and hand show only 
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sNglit variations fiom the above trends. Leg responses in all con- 
ditlons are still about the same, but are only slightly less Irequent now 
than arm movements. Head responses, especially in combination, are 
less frequent and deciease m conditions of greater motility, except in 
condition here, however, this merely indicates 1 out of 7 cases 
IVIouth movements seldom occur In conditions or \\\ this 
group of data, and increase somewhat in the other conditions, as do 
vocal, fcicial, and eyelid components. Finger^naovcment responses aie 
more noticeable iii most conditions than for head stinauli, and when 
occuriing alone decrease somewhat as the infant becomes more 
active 

In the data obtained from stimulation of the leg and foot, we find 
toe, foot, and leg responses quite piominant, arm movement less fre¬ 
quent, and finger, hand, and head movement seldom occurjing. As 
general motility increases, toc-inovement iespouses decrease, except for 
an increase in toe-plus movements m conditions C 3 and Cg. Move¬ 
ments of feet only are in every condition less frequent than foot move¬ 
ments in combination, just as leg-plus movements are always more 
frequent than leg-only responses, All the foot and leg responses, 
however, varj' irregularly from one condition to another save leg- 
plur responses, which definitely increase as the infant becomes more 
active. Arm-plus movements tend to increase, though less regularly 
Again mouth, vocal, facial, and eyelid responses appear more fre¬ 
quently in response patterns with incieasing general motility. As 
before, body jerks tend to decrease, and general stirs tend to increase, 
though body jerks plus stirs vary in no definite manner. 

The occasional appearance of a zero in only one of the C stages with 
respect to one type of response may possibly be attributed to a chance 
factor operating with a small number of cases 

With olfactory stimuli, theie is a rapid decrease in no-iesponses as 
the infant becomes more active but no pronounced order of decrease 
in brcathlng-Ulanges-onl 5 ^ On the other hand, there is an increase in 
foot responses, and in leg, hand, arm, and head movements in com- 
bmation Head-onlv rebponses show no consistent variation, but 
mouth, facial, vocal, and eyelid components become more frequent as 
general activity increases, with only slight irregularities. As with 
the other stimuli, body jerks tend to decrease and stirs to increase 

In general, then, the extent of response to the stimuli in Part 2 
5 ho\\s the follow ing trends: (fl) decrease in the number of no-responses 
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oi repented stjmulntioiis as the infant becomes more active, (I/) de- 
'Crease in the number of specific, localized responses, (c) increase tn 
variabiiitj'' and ex^tent of response, with a parallel met ease m mouth, 
facial, vocal, and eyelid components, and {d) decrease m number of 
body jerks, with an inciease in the niimbcf of general stirs 

Discussion or Results; III 

Responses lo Auditory Siimuh In this section of the investigation 
only auditory stimuli were used, the frequencies were 256 and 2048 
cycles per second, and the corresponding intensities 22 and 24 dynes 
per sQuaie centimeter respectively 
The stages of motility with lefeience to auditory stimuli, m terms 
of duration of response, arc ananged m Table 4 


TABLE 4 


256 

20+8 

Both 

Ai 

Ai 

Ai 



A 


At 

Ai 

h 

i> 

b 

A. 

B, 

Bt 

B, 

A, 

A? 

Aa 

Ba 


B, 

A, 

A, 

c. 

c, 

c, 

Ca 


Ca 

B, 

c, 

B3 

B, 

Bb 

Ba 

B4 

B4 

B4 

Cb 

Ca 

Cs 


There were no An m conditions, and too few of A 4 and C 4 
to include The largest number of stimulations occuned in conditions 
Ai^, Ai^, and Js, with somewhat fewer m A^, and even 

less m Bu Cu, and C^, It is interesting to note that the con¬ 

ditions most variable in then position are those less frequently found 
in the newborn infant These classifications agree with those of 
Parts 1 and 2, uncorrected for signicant difterences, with respect to 
this order at least* Ai^, Ai^^t 5a, and Cq The one outstanding 
variation with auditoiv data is in the relative position of Ba and the 
C 2 and Ca stages It may be that in these moderate stages of general 
activity an auditory stimulus has a quieting effect greater than in 
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a condition, however, while this wouW explain the lesuLts for 
a 256 frequency, it would not explain the order of motility stages 
for a 204S frequency, xvhere Cs follows and Cs, process the Ih 
stage. Totals for both sets of data, however, place the Ca and 63 
stages before the B 3 stage Our only alternative is to say merely that 
an infant generallv gives shelter icsponses to auditory stimuli in 
conditions C. and C, than m condition B*. However, B 9 is not 
significantly diftcient fiom C 2 and Ca (0 88 and 0 23) 

'riiE critical ratio fot each successive two stages of the total data 
m Part 3 is: 638. 2.75, 1 52, 1 63. 0 14, 1.61, 0 79, 0 88 , 1.66, 

0 07, 0.60 A determination of other possible combinations reveals 
that only the following sequences aie significant' Ai^ A 2 , Bs, 
Cn (6 38, 6 69, 7 61. 469) , B,, A,„ B,, Ba, (6.38, 4 84, 3 80, 
4 69); 01 Bi. Bi„, Bj, Be, Ca (638, 970, 6.36, 469) Stages 
A> 2 % ^di fire iiot significantly diffcicnt from one another 

(/ii-//.., I 13> yArfla, 0 14. 1.63), 

Consicleiing only those sequences which are signific«intly different, 
the sequences oi Parts 1 ,2 and 3 which aic most similiai are Pfii t 1 — 
Bit C 5 , part 3 —Boj C‘±y «rnd Part 3 

— A\^y Ihy 7 ? 3 , Co. The sequences clisagice with reg<iid to 

the last two stages in each, but theie is no actual contiadiction 
Variation m the number of cases for each condition lathei than 
differential stimulus effects may account for the discrepancy. 

Note also that stages Br^^ and In spite of the small number of 
cases where these conditions occurred, give responses consistently 
longer than those in any other condition CYcept in which re¬ 
sponses to all stimuli are of greatest duiation This is in accord 
with casual observations that infants with eves open, aie ^^awake^” 
especially when they are active as well, 

In every condition except C 2 the lesponse to the lower frequency 
is longer than to the higher frequency This is in accordance with 
Stubbs^ (22) statement that sleeping infants respond “better” at 
lower than at higher pitches 

Classification of the data accoiding to sex and color shows no 
Significant trends Classification according to age shows no con¬ 
sistent vniiations unless one compares, as before, the 0 -, 1 -, and 
2 -dny data with that foi 8 , 9, and 10 davs Even here tlie only 
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indication is that in the /li stages the responses of older infants are 
gcneially shoiter than those of the youngei; that is, the mean re¬ 
sponses in conditions Ai ^ and are shoitei (0.5 and 1 4 seconds) 
for the older infants than foi the voungei (0 7 and 17 seconds), 
thougii the reverse is true for the and Bi\ groups, and variable 
for the other stages 

Consideiing the extent of iespouse, we find a lapid deciease In 
no-iesponses geneial motility increases, and a sirnilai hut less 
maiked decrease in breathing-changes-onlv Toe movements are 
infrequent in any condition, but as activity incieases, there is a de¬ 
cided increase in responses such as foot, leg, finger, hand, aim, and 
head movements in combination Theie is an enormous mciease 
in mouth, facial, vocal, and eyelid movements as components of 
more widcspiead responses Foi example, mouth movements incieasc 
fiom 0 6 per cent in to 4 7 pei cent in CnI vocal responses from 
0 to 7 1 pei cent (10 7 per cent in B ^), facial movements from 0 to 
28 6 pei cent; and eyelid movements from 0,9 per cent to 38,1 per 
cent Body jerks do not occur frequently in any condition, while 
geneial stirs show a maiked increase—fiom 0.3 per cent in 
to 38 5 per cent in B-, —^l)ut drop back to 2 4 pei cent in Cn Leg 
and aim lesponses, in any condition, exceed the more specific finger, 
toe, hand, and foot lesponses, though leg movements in combination 
occui more fiequently than arm-plus movements in any condition, 
Tlie trends in geneial aie similar to those in Parts 1 and 2, save 
that theie is no maiked diffeicnce here fiom conditions of least to 
greater motility in teims of specific, localized responses There is, 
if anything, a slight incieasc in specific lesponses of toes, feet, fingers, 
and hands, to auditoiy stimuli as geneial motilitv mcicases 

Total Data 

Taking the data as a whole, wc find that m terms of duiation 
of response, the stages of sleep depth are Ai ^ Bu A^^ /ia, 

^ 2 , 7?^, C 2 , Cs, iff, and Cl The ciitical latios for each two 
successive stages is’ 8,63, 5,12, 3 57, 0.34, 0 32, 7 19, 3 44, 2 30, 
1 15, 0 23, and 0 59 The only sequences where each stage is 
significantly different fiom the next, are shown in Table 5 

Conditions /in, /is, and ^o, while significantly different from the 
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TABLE 5 

CniTicAi ,"Ratios nemvEEN Successive Stacks of Motif itv 


Sequence 

Critical Ratios 

Sequence 

Critical Ratios 


8.63 

Ai 

8 63 


5 12 


5 12 

^■b 

3 19, 3 S7, 3 97 


3 19, 3 57, 3 97 

Bi 

6,SI, 8.21, 7.19 

Bl 

s 61 , 8 21 , 7 19 

Aj-As'Bi 

B, 

c,-c, 

c, 

3 44, 3 83 

4 48, 3 39 

Aj-Aj-Bj 

Ba 

BrBi 

3 04, 3,39 


preceding nnd succeeding stages, arc not significantly diftcrcnt from 
each other (// 2 -/^ 3 * 0 34^ /Ih-Bq, 0.82, /Jo-Bsy 0 32), Likewise C 2 
and Cg (2 30) and 2?4 and 8 $ (0 23) are not significantly diffeient. 
However, it may be possible to get a single composite sequence by 
combining with Bi and /?b We find the mean thus obtained 
IS significantly diffeient from those for C 2 and Ca (7.03 and 3 67), 
In other words, the fact that Cc, Bit and Bq are not significantly 
different fiom each other but are significantly different when com¬ 
bined, can be interpreted to mean that when the eyes are open no 
differential depths of sleep can be determined, and mouth movement 
IS not a determining factor as in the B 2 and Bs stages Sleep is lighter, 
or the infant is more awake, in these stages than in any condition 
where the eyes are closed, whatever the activity concomitants* 
Therefore we can adopt this sequence of total results: 

(Cb+3^+83) 

This sequence conipaies favoiably with those found for Paits 1, 
2, and 3 separately: « * 


Port 1 

Part 2 

Patl 3 



^la 



A, 

^2 

Cs-B, 

A^-B., 

Co “ 



C4 

Ug 

C.. 
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Variations from the sequence of total results consist piiniaiily ot 
the omission of stages, possibly clue to lack of sufficient data for the 
stages omitted or to lack of significance of these critciia. The only 
variation which may be a function of the stimulus used is the 
determination of a significant difteience between conditions Cu and 
Ca in Fait 1 

Descjiptivelv the sequence for the total data means that an infant 
^‘deepest asleep” is geneially quiet, shows no eyelid or mouth move' 
ment, and breathes regulaily, As its ‘yeep” becomes less deep, the 
bieathing loses its regularity Slight stirs of body membeis mav 
then appear, followed latei by eyelid movement and then mouth 
movement iis well Or, in another infant, e 5 ^clid movement and 
mouth movement may appeal befoic the stiis of body members aic 
obscived While such stirs continue, tlie infant becomes more active, 
the eyes finally open, and mouth movement again appears The 
oiclei of these stages is the exact opposite if we are cotisideiing the 
process of “deepening sleep,” 

The specific secpience of stages foi any one child may varv slightly 
in that some of the stages may be skipped. One infant, for example, 
may m waking follow the sequence ^ 2 , £21 Ca, and 

CfiJ another may follow the sequence Bu 52* C 21 5^, and 

With slight fluctuations back and forth throughout tlie process 
of waking up The actual stages observed may not be exactly the 
same foi the going-to-slcep and the waking-up pjocesses in the same 
infant, again because difterent stages may be skipped. 

Glancing hack over the total data we also find consistent tiends 
foi the extent of the lesponse throughout the motility stages. As 
general motility increases, there is a steady deciease in no-i espouses, 
with a corresponding mciease in widespiead, variable responses with 
mouth, vocal, facial, and eyelid components 

With icgard to specific, localized iespouses, however, the change 
from one stage ta another seems, to depend upon the type of stimulus 
used This fact may be explained with refeience to a tabulation 
in which is given the per cent of cases m which each response occurs 
in condition ^ onlj^ to the stimuli used in Parts 1, 2, and 3. With 
auditoiy stimuli, Part 3, the tendency foi specific, localized responses 
to inciense as the infant becomes more active may be due, partially 
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at least, ta the fact that there aic few le^ponses of any soit to an 
auditory stimulus ui conditions of least motility, somewhat more 
to an olfactoiy stimulus, and even more to tactual or pain stimuli, 
the movements which do occur seem to depend upon the point of 
application, especially with tactual and pain stimuli For example, 
no response occurs in /Ji^ in 71*8 per cent of tlie cases with an 
auditoi V stiitiulus, 64-4 pet cent with an odoi ^ 47,9 per cent with 
arm and hand stimuli; 317 pei cent with head stimuli; 25 5 pei 
cent with leg and foot stimuli j and only 21,9 per cent with n ncedle- 
prick alone Likewise the responses of bicathing-changc-onl)^ langc 
thus' 16 4, 5*9, 0 7, 1 4, 0, and 0 6 per cent I3reathnig-change-plus 
responses vaiy almost inveiscly—0 3, 9.6, 141, 19.3, 6 1, and 4.9 
per cent, the last two pciccntages referring to stimulation of tlie 
caudal poition of the infant Similai analysis can be made of eveiy 
other item The most fieqiient occuricnce of any t 3 ^pc of response to 
auciitorv stimuli in is for leg-plus—3 0 per cent—^but for the 
the other gioups the per cents aie 5 9, 29 6, 18 6, 17 0, and 14,5* 
The next most frequent response in Pait 3 is nims-plus—2 7 per 
cent—but the other groups give 6.7, 31 7, 22 1, 5 3, and 6.5 pei 
cent Agam the last two figures refer to caudal stimulations, where 
we would not expect localization of iespouse in the head end, hut 
even heic the pci cents aie laigei than for auditoiv stimuli. Note 
also the increasing pei cents of body jeiks—0*6, 6 7, 12.7, 14 5, 
65, and 17 3—and of general stirs—0 3, 6 7, 6*3, 13 8, 3 3 and 3 1 
—where the first per cent lefers to Part 3, the next to odors, and 
so forth. While the per cents of mouth and eyelid components aie 
not least for auditoiy, the pei cents aie small for any type of 
stimuli in condition /fi^ In general, then, fewer body movements 
of any soit occui to miditorv stimuli than to any of the othci stimuli 
\iscd in this study. Hence, along with increasing complexity and 
extent of the response, it is not suipiising that wc find a slight 
concomitant increase in specific movements in Part 3 
Wc may reach the same conclusion by considering the data in a 
similar tabulation for condition Again we find that the per 

cents of no-rcsponscs, breathing-changes-only, and of larger body 
movements like body jerks, general stirs, and foot, leg, and arm 
responses arc least frequent for auditory stimuli, while only small per 
cents of more specific movements occur, regardless of the fact that 
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t))ev may be Jargci than foz other stimuli which elicit 

highly localized responses 

For the data as a whole> among the total-body movements the 
bodv-jeik lesponscs, considereJ typical of “going to sleep,” decrease 
as the infant becomes moic active, while geneial body stus, longer and 
slowei than body jei ks in the sequence of movements, increase 

General Discussion 

Let us considei now the adequacy of the sleep ciitena used pre¬ 
viously foi infants Maiquis^ (16) ciiterion of “eyes closed for 
one minute” could be /is, ^ 3 , Bu -^ 2 , Ciy or Cs* 

Piatt; Nelson, and Sun^s (19) ciitejion of “eves closed” could include 
aiiv of these stages as well as conditions of violent activity and cry¬ 
ing, besides momentaiv instances of e 3 ^e closure in stages i?rj, Ci, 
and Cr, Irwin^s (11) cntciicn, “eyes closed and quiet,” could include 
and A^y and possibly 5i, i? 2 ) and wheic the stirs 
of body members are vciy slight; it could also include short quiet 
Intelvals in the Cu C^y and stages, DishcFs (7) and Ta 3 dor’s 
(23) cnteiion, “eyes closed and no obseivablc skeletal movement,” 
could include At ^ and /ii,^ at least, and possibly short inteivals in 
anv of the othei stages unless the ciitenon specified the length of 
the period to which tins ciiterion applied* Dockera 5 ^' and Rice^s (8) 
cnteiion, “quiet foi one minute pjeceding stimulus,” could include 
^ 2 , ^ 2 i possibly i?i, and if the stiis wcic very 
slight Even with the most geneious inteipretation, eliminating the 
possibility of chance moments of quiescence m ligbtei sleep, tlie most 
adequate cnteiion, that of Dishci, includes both the Ai^ and 
stages. Thus we sec that no one of these ciiteiia accuiatelv identified 
tlie condition of “sleep” lefened to in the investigation And since 
the picsent results indicate definite changes m the natuie and extent, 
as Avcll as duration, of infant iespouses fiom one stage to anothei, 
it IS obviously difficult, if not impossible, to compaie and evaluate 
the vaiioiis findings repotted 

A few additional comments should he made concerning the Je¬ 
suits as a whole 

Numeioiis inteiesting factois concerned with lespuation in the 
newborn infant have aiiseii in this study Thcie is no indication 
hcic to beai out CiamausscPs (3) descnption of breathing in the 
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‘bleeping iiewboin His youngest subject Wfis 15 days old He 
concluded fiom the bieathing cuives foi this subject when '‘asleep” 
that external stimuli aflect the cuive vciy little. We liaye pre¬ 
sented data showing nunaerous instances of such eftccts Fuithcr- 
inoie, he found the inspiration hesitant, anested midway, and rather 
slow, while the expiration is direct and rapid This type of breatli- 
mg is found lierc and there in our recoids, but is by no means 
typical of the entire group of infants oi even of the same infant 
frovw one condition of sleep to another Ciamaussel also found sharp 
angles instead of smooth half-ciicles, and extended, tiemulous 
plateaus ’While in Figure 1 we do have an example of such ^‘sharp 
angles,” It IS the exception rather than the rule, for the smooth un¬ 
dulations in Figures 2 and 3 are found moic fiequentlv. But 
Cramaiisscl dcclaied that breathing docs not become regular until 
the age of months at least It is quite likely that he did not 
obbcivc enough infants, or even any one infant long enough; his 15- 
day-old subject probably did not happen to be obseived in any Ai ^ 
condition, he gave no criterion of sleep, and hence could have been 
observing the infant in stage // 2 , /^ 2 , or Examina¬ 

tion of the groups of figuics will give some idea of the great vaiia- 
tion in respiratory curves from one condition to anotlicr 

Another interesting feature of tbc infant's respiration is its 
occasional periodicity, tw^o forms of which are shown in Figures 5 
and 6. This periodicity is known as Cheync-Stokes breathing when 
found in tlie adult Howell*s (10) dcscuption of this type of 
brcntbmg fits Figure 5 fairly well; he stated that this breathing 
occurs in groups of 10 or 30, separated by intervals equal to 30 or 
40 respiratory movements However, this would make the intervals 
between groups longer proportionately than in Figure 5 Wright's 
(25) description of the Cheyne-Stokes breathing as periodic breathing, 
variable in form, could include less rhythmical types of periodicity 
than that illustrated b}^ Howell, and therefore would include 
Figure 6 

While patliological conditions, the dorsal position, and the condi¬ 
tion of sleep are vaiiously assigned by physiologists as causes of 
Cheyne-Stokes breathing in the adult, it is unlikely that these factors 
can furnish a complete explanation of the periodicity in the breathing 
of the neAvboin infant This periodicity is only one phase of the 
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great amount of iircgulaiity found m infant bicathlng m all stages 
except It may be that the function of the rcspiiatory centers 

is not so peifcct at birth as we generally assume, and thus the Cheyne- 
Stokes bicatbing is only one indication of this imperfect respiratory 
control 

Occasionally we find an infant whose breathing is periodic through¬ 
out the peiiod of experimentation, but this occuis very infrequently* 
Usually the periodicity occuis when the infant is fairly quiet, cither 
when sinking into or coming out of a peiiod of “deeper sieep^^ as 
defined m this studv, just as Czerny (4) found that “breathing 
pauses'^ marked the boundaiy of deep sleep Often an infant in con¬ 
dition will show one oi two such breathing gioups immediately 
following the presentation of a stimulus, the breathing giadually 
resuming its foimer legularity Such bilef mtcivals of periodicitv 
occur moie frequently than longer mteivals of periodic bicathing. 

Canestrini (2) found no Cheyne-Stokes breathing m his Infants, 
but it IS possible that he either observed too few cases oi did not 
happen to secure conditions of dcepei sleep in a sufficient number of 
cases, Peipei (17) reported an occasional prolonged pause in the 
breathing dm mg sleep of two children 1and 7 years old respectively 
Czerny (4) found no Cheyne-Stokes brcatliing in his subjects 23 
days to 6 rears of age, but did find frequent breatlung pauses which 
he claimed were more ficquent the younger the child, his diagram 
of these “breathing pauses’^ looks much like the less legular forms 
of Clieyne-Stokes breathing described by Wright Probably he was 
using Howell’s more ihytlmiical type as a criterion Nevcithdess, we 
have found even quite rhythmical groupings among our data 

The geneial question of typical sleep lespiiation may next be 
considered Czcinv’s findings indicated the following changes (rf) 
going to sleep: fast bieatlnng of avciagc amplitude, (b) deepest 
sleep slower breathing of least amplitude; (c) waking up* faster 
breathing as in (a), with the greatest amplitude of all Kow while 
we can pick out instances where this oidcr is followed, it is difficult 
in many cases to compare rate and amplitude of any other stage 
with those in Ai ^ because of the great irregularity of the bieathmg m 
all other conditions Also, while it is true that in our own subjects 
the respiratory undulations are usually smoothly rounded as in 
Czerny’s illustrations, there are also cases, some more extreme than 
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Fif^iiic 1, wheic thieie aie sharp angles instead of smooth semi- 
circlcb and wheie the ainplitude can hr no means be called least** 
Czcrn\' also found the expiration longer in the process of going to 
«ilcep Hcie again wc can find occasional cases indicating such a 
tendency, hut the cases aie too few to he consideied icprescntative 
of the entire group 

The rcgiilai bicathing cuives which Ciamaussel found onl}^ in 
oldei children can he duplicated in our rccoids secuied fiom new¬ 
born subjects. As suggested before, Cramaussel studied too few 
subjects, and piobablv did not studv Ins few subjects contmuoush^ 
enough to discover bieathing typical of deep sleep, 

Canestrinds (2) study of newborn infants revealed, lilcc that 
of Czerny, that bieathing becomes slower and weaker in sleep 
Often he noted disturbed respiration m the infant's sleep with no 
appaieiu external cause, this would coiiespond to our observa¬ 
tions of iiregularity in every condition except Ai^. 

In general, our study points to the vast amount of megulaiitv in 
the respiration of ncwboin infants rather than to definite, clear- 
cut generalizations such as those cited, We could select cases to fit 
every generalization made pieviouslj^, but by so doing wc would be 
neglecting the impoitant fact of dominant iiregularity which only 
an investigation involving a large number of cases with continuous 
records, like the picsent study, can reveal 

The fact that an auditoiy stimulus may piodiice only a lespiratorv 
change in a sleeping infant has been pointed out by vaiious investi¬ 
gators Czerny in 1892 claimed that the newborn infant is deaf, but 
a respiratory response alone to an auditory stimulus can be secuied 
with an older child. Caiaiiiausscl in 1911 found that auclitoiv 
stimuli do not affect the bieathmg curve of the newborn oi 
verv young infant, but in an infant 1months old the sound of the 
flute and othci music will affect the breathing ciiive, the effect 
depending upon whether the obseivation is madt at the beginning 
01 at the end of sleep, and whether the sleep is moic or less quiet or 
profound. Effects increase as the bicathing becomes moie iiregiilar 
Here we have a hint of differential responses in tcims of the depth of 
sleep. Cunestrmi m 1913 found that external stimuli^ especially 
auditory, not strong enough to awaken the infant may vet modify 
the bicathing curve Stern in 192+ did not specify breathing effects, 
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hut claimed that “sometimes noises will even cause twitching in sleep 
Without waking the child*' (p. H), and that heaiing m the infant 
ptoduces mvaiwble shock reactions The fust statement of his is 
true, accoiding to our data, but the second is false, for otherwise wc 
would have had about 100 per cent body-jcik responses to auditory 
stimuli Statements attnbuting deafness to the newborn have long 
been discaided. 

Recently Stubbs (22) made a study of sound eftects on respiration, 
in the newborn infant, giving specifically the effects of duiation, in¬ 
tensity, and pitch upon bieathing These changes were classed as 
slower or fastei, deeper or shallowei, more regulai or less regulai 
We me dubious about the possibilitv of making aibitiaiy judgments 
of this soit except in condition whcie the bieathing ib ipijte 
legular, In any othei condition it is usually haul to decide whether 
a given nregulauty is the lesult of a stimulus or merely an accidental 
iiregular form in an alieady irregular cuive Since in the piesent 
study tlie duiation, intensity, and pitch weie constant throughout 
the picsentations, we can only compaie oui data where these factors 
have equivalent values in the other study 

With a five-second duiation, Stubbs found 16 5 pci cent of the 
stimulus picsentations icsulted in less regular breathing, and 29 1 
pei cent lesuhed m no iespouse at all when the infant was ‘^^sleep”, 
apparently this means ^^eyes closed and quiet" here In our own 
data, a bi cathing-change-only, which louglily couesponds to the 
“less icgulai” bieathing above, is found in 16 4 pei cent of the 
cases in 18 0 in yii,^ 13 0 in Bu 12 9 in //□, and 16 0 in /ia 
Any one of tliesc stages might have been included m the above category 
of "asleep,“ both because of its definition and because of the fact that 
the condition was an instantaneous judgment made eveiy half 
minute It is thus conceivable that and Rs conditions could have 
slipped mto the “asleep" category; oui results for these m terms 
of bicathing changes only arc 6 6 pei cent and 3,9 per cent Out¬ 
side of these two stages, our icsults agree fauly well witli those of 
Stubbs if we niav assume the identiU'’ of “bieathing change only and 
“less regulai breathing." 

The need foi defining the "asleep" condition is moie appaient in 
the discrepancy of Stubbs’ no-response estimate of 29 1 per cent 
as compared with oius’ 71,8 per cent m Ai^ 56,2 pci cent in ^ 1 ,^, 
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39.1 per cent in Bu 27.6 pei cent in 1^8 per cent in Bti, 14.0 
per cent in /Jsj niid 5 0 per cent in Bg, 

Since It IS difficult to compare her sensation units of intensity 
■\\it)i our own fixed intensity levels, we shsill pass on to het data, 
on pitch differences. Although she has no 2048 frequency, she did 
use 256. For this fiequcncy theie is less regulai breatliing in 4.3 per 

cent of the cases and 25 0 per cent no-response, Heie again the 

need foi more accurate specification of the “asleep” condition is 
indicated In mu own results tlic bjcathmg-change-onlv occurs 
111 15.9 pci cent of the cases in , 18 5 m //ij,, 14 3 per cent in ^ 2 , 

22 2 pei cent m //a, 8.7 per cent m Bi, S 8 per cent in B 2 , and 4 3 

in i? 3 , the last being the only estimate agreeing with Stubbs’ The 
no-response results are 6,9 pei cent for 52 3 pei cent foi 
29 8 per cent foi Js, 14 8 per cent foi iig, 17.4 per cent for 5i, 12.4- 
per cent for Z? 2 » ai'd 2 8 per cent for B^ 

Since the olfactory stimuli aie identical to those employed by 
Dishei (8), some comparison can be made between her results and 
our own. Although we have too few stimulus presentations to com¬ 
pare results for each odoi separately, we can at least compare the 
totals Dishei found timt with a 20-cc ^'stimulus value,” 69 per 
cent of the infants as a whole made a response. Her sleep criterion 
includes at least o\ir Ai^ and stages, but for these conditions the 
per cent of the total stimulus presentation producing no response is 
64.4 per cent and 49,1 pei cent respectively, far beyond the estimate 
given by Disher. The other stages give per cents of no-response as 
follows, By —46 9; —^23.1, A 2 —7,5, 5^—16 8, Bg —17 6; C 2 — 

5.3, Cg —7.7; Cq —0. It may be that her sleep criteiion allowed so 
many instances of other conditions besides and to be in¬ 
cluded, that the per cent of no-response was markedly decreased On 
the otlicr hand, the omission of two odois, asafoetida and citronella, 
which produced a high percentage of response in Dishei’s results, 
may have increased our own percentage of no responses. However, 
we also omitted pure air, which had the lowest percentage of responses 
111 the otlipr study Therefore the latter explanation for the discrep¬ 
ancy of results seems less reasonable than the first one given above 
Still another study may be commented upon here—that of Irwin 
(13) on the distribution of the amount of activity in young infants, 
between two nuising periods. He pointed out tliat while motility, 



ISABELLE F WAGNER 


57 


as rccoidcd by the stabilimetei, is least aftcj feeding and incieases 
stcadih^ througJiout the mteival befoic the ne\t nuising, the per cent 
of infants asleep is gieatest about the middle of the inteival and 
least at tlie beginning. He concluded that if oveit inactivity is de- 
siicd, the best time to expeumcnt is light after feeding, but if sleep 
IS desired, one should choose the middle of the peiiod. 

Accoiding to this, motility and depth of sleep are not parallel But 
this lefers to gioss motility sufficient to make a stabilimctei record 
Theie may be frequent slight stiis of body members at fiist, which 
aic too slow 01 too slight to make a stabihmcter iccoid, and hence a 
peiiod of quiet would be rccoidcd, During the middle of the pciiod, 
wlien moie sleep is jepoitcd, there may be enough body jeiks or deep 
inspiiations in the going-to-slecp piocess to give a lecord of activity 
greatei than that obtained foi the cailv pait of the peiiod Thciefoic, 
if inactivity in the infant, in an absolute sense, is desired, the fiist 
pait of the peiiod might still be less desnable than the middle part, 
with its relatively gicatei inactivity between the startles or body 
jeiks, Hcie we assume, of course, that Iiwin^s sleep ciitcrion— 
“eyes closed, body quiet”—probably includes more and 

conditions than any of the otheis we have listed, We also assume that 
his lepojt concerning the relative distiibiition of the amount of sleep 
throughout the period is coriect. 

Gdmei (9) leported that she found no “chewing” movements in 
sleeping Infants, though she gave no definition of vsleep In the present 
study, howevei, “chewing,” as a scries of slight movements of the 
lower lip or jaw alone, did occur occasionally The mouth movement 
in the exceptional 45 cases where no eyelid movement accompanied 
it, was nearly always of this type. These instances occuiicd in con¬ 
ditions which would otherwise have been known as /ii^, or 
—conditions of relatively deep sleep, according to oui criterion 
“Chewing” was also part of the mouth movements recorded for other 
conditions of lighter sleep, such as and JSg, whicli miglit also have 
been included occasionally in Gilinci's catcgoiy of sleep 

Summary 

A total of 197 newborn infants in various conditions of motility 
were given 5342 presentations of pain, tactual, olfactory, and auditory 
stimuli These conditions of motility were lanked as stages of depth 
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of sleep in terms of the duration and extent of the responses made in 
each condition The stages m sleep depth thus determined, ranging 
from deepest to lightest sleep, are as tollows* 

1 Infant generally quiet; no eyelid or mouth movement, 

regular breathing, 

2, ^ 1 ,,* Infant generally quiet; no e 5 ''elid or mouth movement, 
irregular breathing 

3, Bi' Occasion.al stirs of body members, no eyelid oi mouth 
movement 

4 //o, //si Infant gcneially quiet with eyelid movement, 

infant generally quiet with eyelid and mouth movement, occasional 
stirs of body members with eyelid movement, 

5, Occasional stirs ot body mcmbeis, cyehd and moiich 

movement 

6 Co, C\ Infant geiiciaJly active with ciclid tnovciuent, in¬ 
fant generally active with eyelid and mouth movement 

7 Cff, /?t, B’i: Infant generally active, with eyes open and mouth 
movement; occasional stirs of bodj' members and eyes open, with 
or without mouth movement- 
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ORDINAL POSITION AND THE UEHAVIOR DISOR- 
DICRS OF YOUNG CHILDREN'* 

New Ya)k Ctly and Beumngtoit College 


Ira S. Wiu:, M D , and Ann B Jones 


The piesent study was undertaken in an effoit to dibcovci whether 
or not there is any positive and significant correlation between tlie 
ordei of biith of children and their ‘^pioblems" or behavior dis¬ 
orders, Alfred Adlei in Pioblems of Nemosis (2), claims that the 
family constellation hds its effects upon each membei in an individual 
and specific way. One of us [Wile (22)], has written that Adler’s 
theory “practically creates a determinism of the characteilstics based 
upon the order of birth *’ Wrth this rn mind, wc have vSought to de¬ 
termine tire predominant char actei is tics of children in each of five 
positions in the family group, in Older to ascertain if any tiait is 
peculiar to a child in a specific ordinal position Wc have correlated 
specific behaviors with such factors as sex, intelligence and age 

One hundred and twent 5 ^-five histones of children under eight 
years old were selected fiom the records of the Children’s Health 
Class of Mt Sinai Hospital. Twent 5 ^'fivc were selected to form 
each group of the following five groups (<r) only children, (Z^) older 
children from two-child families, (c) middle children from families 
of three or more children, {d) younger childicn from two-child 
families and {e) youngest childicn fiom families of three or more 
children. The histones were taken consecutively until the quota 
for each group was filled In our discussion, theieforc, we consider 
the groups as units and without refeience to tlie pciceiitage any 
single group forms of the total clinic population 

The ages of the childien range from two years to eight yeavb, 
the median clnonological age for the entire group of 125 children 
being six years, three months. The IQ ranges from 38 to 131, 
with the median 105, indicating that the childicn were in the normal 
category wth a distribution of IQ not very dissimilar to that of the 
general population. The Stanford Binet test, as administered and 
recorded by Miss Rose Davis, supplied our psjxhological data 

^Received m the Editoiial Office on January 4, 1937 
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The cuUuial and racial backKround of the children vaiicd 
sh^rhtlv, although the inajoiitv of them aie of Russian Jewish descent 
and in tlie low middle economic class Most of the parents are 
English speaking and the children attend the public schools in oi 
near New York 

The infoimation concerning behavioi relates to the facts stated 
or elicited at the tune of admission to the Childien^s Health Class 
Almost all the histories wcic taken and written up by the same 
peison, whciefoie we believe that the desciiptive terms employed to 
denote behavioi leactions arc leasonablv consistent and reliable 
Restlessness, foi example, signifies any kind of hypei activity 
noted and described by the mother oi the teachci who lefened the 
child to the clinic. Food fads repicsents any feeding piohlem which 
involves a icfusal to eat Unmaiuageablc indicates that a child is 
vciy stubborn, objects to dncction, oi refuses to comply with reason¬ 
able Jrtstuictions AIJ othei desciiptivc tciins have their geneiallj^ 
accepted meanings. 

Inasmuch as our pioblem centcicd upon the possible ielation of the 
overt behaviois to ordei of birth, we shall omit unneccssaiy details 
concerning physical status The physical factois may be disregarded, 
''avc to state that cvciv child received a physical examination upon 
admission and all wcie found fiee fiom any significant oi serious 
organic defect If the weight of each child may be regarded as a 
loose index of his general health, it is woith noting that of the 125 
childieii, 37 oi about 28 pci cent wcie within one pound of the 
average weight foi their age and height. Of those moie than one 
pound underweight, the median was thice pounds underweight and 
of those moic tiian one pound undeiweight, the median was four 
and onc-hnlf pounds ovciwcigiit Both of the deviations are in¬ 
significant because they are wholly within normal limits accoiding 
to accepted standards 

We first studicif the five gioups of 25, based upon biith oidei, m 
«i search for any outstanding traits of behavioi cliaiacteiizmg any 
paiiicular group Our tabulation of the behaviors giving rise to 
complaints constitutes Table 1 We have arranged the items in 
diminishing older of frequency, employing as descriptive teims the 
symptoms in the leportcd disoider responsible foi the child’s picsence 
at the clinic 
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TABLE 1 

Behavior Disorders in Ordinal Position Groups 


25 25 25 


Symptom 

Only Symptom Older Symptom Middle 

Restlessness 

12 

Restlessness 

9 

Temper tantra 

9 

Food fads 

10 

Quairels with sibling 9 

Tntell retardation 

9 

Vomiting 

9 

Temper tantia 

8 

Enuresis 

7 

Temper tantrn 

7 

Quarrels with others 

8 

Speech defect 

6 

EnuiesiN 

6 

Fond fads 

6 

Unmanageable 

6 

Fears 

6 

Cries easily 

5 

Quarrels with 






sibling 

6 

Qua riels with othei 

s 6 

Natl biter 

J 

Disobedient 

6 

M over protection 

6 

Enuresis 

5 

Quairels with others 

S 

Destructive 

5 

Night tcrroia 

5 

Restlessness 

S 

Speech defect 

4 

M drcsscfa ahd feeds 

5 

Swears 

5 

Converted sinistral 

4 

Vomiting 

4 

M feeds and di esses 

4 

M dresses and feeds 4 

Pears 

4 

Tic 

3 

Intell ictardntion 

3 

Disobedient 

4 

Cues easily 

3 

Cries easily 

2 

School pioblem 

4 

Nail biter 

3 

Nail biter 

2 

UestrucHve 

4 

Stealing 

3 

Constipation 

2 

Unmanageable 

3 

Fears 

3 

Sucks thumb 

2 

Tic 

3 

Converted simatral 

2 

Unmanageable 

1 

Masturbation 

3 

Shy 

2 

Tic 

1 

Converted sinistrnl 

3 

Infantile 

1 

Masturbation 

1 

Speech defect 

2 

Truancy 

1 



■Pains 

2 

Asthma attacks 

1 



Shy 

1 

Masturbation 

1 



M over protection 

1 

M ovei protection 

1 



Retardation 

1 

Ii ri table 

1 



Stealing 

1 

Sucks tliiimb 

1 



Irritable 

1 

Vomiting 

1 





Fains 

1 



25 


25 


Symptom 

Younger 

Symptom 

Youngest 

Temper tantra 

10 

Restlessness 

10 

Quarrels with sibling 

9 

Food fads 

9 

Fears 

8 

Temper tantra 

8 

Restlessness 

6 

Disobedience 

8 

Enuresis 

4 

Converted sinistral 

7 

Vomiting 

4 

Vomiting 

7 

Converted amistral 

5 

M dresses and feeds 

6 

Food fads 

4 

Quarrels with others 

6 

Quarrels with others 

4 

Enuresis 

5 

Unmanageable 

4 

School problem 

5 

Swearing 

3 

Nail biter 

5 

Sleeps badly 

3 

Unmanageable 

4 

Destructive 

3 

Speech defect 

4 

Irritable 

3 

Tic 

3 

Pains 

2 

Masturbation 

3 

Nail biter 

2 

Pains 

3 

Dislikes school 

2 

Cries easily 

3 

Cries easily 

2 

Fears 

3 

Shy 

2 

Qiitarrels with sibling 

2 

Speech defect 

2 

Ii ntablc 

2 

Masturbation 

2 

Destructive 

2 

Fights 

2 

Swears 

2 

Tic 

1 

M over protection 

2 

Delinquency 

1 

Constipation 

1 

Asthma attacks 

Truancy 

1 

1 

Shy 

1 
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Tabic 1 shows that in no group do moie than 48 per cent of the 
children show the same trait Variation of behavior is as rnarked 
within each group, as it is between the groups This immediately 
suggests that the order of birth is not a deterministic factor Posi¬ 
tion in the family constellation docs not manifest itself, as, or in, 
any particular trait in a majority of the cases of any group, which 
should he the fact, if the ordinal position was responsible for, or even 
was consistently accompanied by, definite behavior ticnds oi patterns. 

Our next problem was to asceitain whether or not the presence 
of one specific behavior was consistentlv accompanied by any related 
manifestation of dysharmony. If a child consistentl 3 r refused food, 
would he also vomit when the food was forced^ To solve this we 
listed the four traits of rnost frequent occuueiices in each gioup 
along with the other symptomatic behaviois which accompanied them 
This IS compiled as Tabic 2, 

Table 2 clearly demonstrates that none of the enumciated be¬ 
haviors IS accompanied consistently bj' another behavior disoider 
In a few instances one symptom may be associated to the extent of 
50 per cent with another specific behavioi, but this is contrary to the 
general findings. Among the 25 of^iy children, lestlessness occurred 
12 times and in only half of the occasions was it accompanied by food 
fads, Food fads of 10 childicn were accompanied by restlessness 
in six cases. On the other hand, restlessness was not associated with 
any other svmptom to the extent of SO per cent, while 50 per cent 
of food fads were accompanied by vomiting, and vomiting was ac¬ 
companied bv almost 60 per cent of food fads. Temper tantra 
were associated with restlessness and quarreling with others to the 
extent of 50 per cent, Hence specific symptom association docs not 
exist within this group The identical fact Js obvious from a glance 
at the data of Tabic 2 that applies to the older, the younger, the 
middle and the youngest child. As h patent from Table 2, and we 
ate aware that the numbers arc few (25 in each gioup), thae is no 
evidence of a basic concomitance between coexistent symptoms cis 
they appear m any one of the five categories (all below 50 per cent), 
which would he necessary, if the behaviors weie determined by the 
ordinal position, as urged by Adler 

The four most frequent traits for each gioup weic retabulatecl, in 
terms of their approximate percentage of occmrence m each group, 
m order to compare these types of behavior in terms of their iclative 



TABLE 2 

Four Most Common Symptoms for Each Group and Their Accompanying Symptoms in Oroer of 
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TABLE 2 [continued) 

For the youngest child 25 
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iiitcrgroup frequency Three traits Averc common to two groups 
so that tJic list of behaviors total seventeen instead of twenty. 

The probable significjuice of the percental differences of specific 
beliaviors m the several gioups varied considerably, hence the statis¬ 
tical meaning requires study at this time, especially in the light of the 
small numbers involved 

Exainph 1, Restlessness was found in 48 pci cent of the cases 
of only children, and m 40 per cent of yomi^esi children—a differ¬ 
ence of 8 per cent- Is this difference statistically significant, when 
btiscd, in each case, on only 25 cases^ Or, what is the PE of this 
difference? (PE = a ineasuff; on each side of the mean within which 
one-half the cases would fall Or, what aie the chances that a similar 
difference (le, a diffcieuce grcatci than zeio in the same direction) 
^^ould be found in otliei and larger samples? 

Let ft — Standard Deviation of a propoition or percentage 


P 


n 


(O 


pq 

PE =-.6745- (2) 

n 

VEaiff + (3) 

Where p ^ per cent or proportion j q ^ difference between p and 
1 00; « = number of cases, p and q vary between 0 0 and 1 00, By 
formula (2), PE of 48 per cent = .067 and PE of 40 per cent «=* 
.066' By formula (3), 067^ = ,004543, 066- == ,004369 
V’004543 4- 004369^ 12, PE = 094, The PE of this 

difference oi 8 pci cent based on 25 cases equalled 094, while the 
observed difference was only .08; * since the PE is larger than the 
observed difference of 8 pci cent it may be due to pure chance If 
the observed difference is twice as great as the PE, the chance that 
it IS not due to pure chance Is 4j4 to 1 , 

Observed difTcrcnce eniial to PE Chance of occurrence 

1 TE 1 to 1 

2 PR 414 to I 

3 PE 22 to 1 

4 PE 1+2 to 1 

In tile present study most of the differences of less than 15 per 
cent arc of doubtful significance (PE’s tend to fluctuate between 
05 and 09 The exact significance would, of course, have to be 
computed in each case ) 


Table of sUndnrd errors and probable errors of percentages for vary¬ 
ing numbers of cases, by U A Edgcrtoii and D G Paterson, J Appl 
Psychcl, 1926, 10, 378-391 
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Example 2 

M over-protecnon, Ofily, 2+ per cent, YouTiffesl, S pei cent, cliff, i6 per cent 
PE/>= 057"^= 003282 (2+%) 

PE/i= 036^= OOn 25 _( 8%) 

V 004608 
= 0678 
= 07 

The chances aie more than \]/2 to 1 that diffeience is not due to 
mere chance 

Obviously the status of being an only child or the youtigesi child 
of a family is pure chance If, therefore, maternal ovci-protcction, 
as a complaint, is not due to puie chance, the deteimining factor 
may be m the mother, rather than the ordinal position or in some 
function of the total family^mothcr-child situation The truth of 
this appears in such differences as involve a zero peiccntage in one or 
more of the groups, as 

Food fads middle 0% 

Maternal over protection younger 0% 

Mother feeds and dresses younger 0% 

Disobedient (only 0%) younger 0% 

School proble/n (only 0%») mid dir 0% 

Intellectual retardation yonngn 0%, yunugai 0% 

A lack of ability to quarrel -with siblings, however, is definitely 
due to ordinal position, which becomes appaicnt, upon noting that 
the only child group quuirels with others, as fiequentlv as the yonng- 
est group, and hence possesses the ability to quarrel Converted 
smistral, howevci, is not a condition due to ordinal position, as 
dominant handedness is not affected by birth order, although the 
rise m the complaint from otilyj to oldct^ to youngerj to yonngeU^ 
suggests that increasing experience and pattern might be operative 
Patently the middle groups would be low, if conversion weie prac¬ 
ticed on only, ohlei and youngei children 

That disobedience was not a complaint foi only and younger 
children and rises from oldet, to mMle, to youngest childien, again 
suggests that the complaint is a function of a total situation, and not 
a piimary element of the ordinal position—obviously ojily and 
younget child] en disobey, though they weie not among tins group 
of children referied to the clinic This applies to mateinal over- 
pi otection and moth Cl feeds and dresses, which weie not complaints 
In the gioup of youngei children 

Reference to the frequency percentages m Table 3 demonstrates 
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TABLE 3 

PFRcrNTAi I>isrRinuTJf)N OF Si’Fciric Disorders and Tiieir Comparaeive and 
IntFReroup Relations 


III { ) will be found the relntive frequence of the -lyniptoms in the hve 
groups, 5 lieing (he highest frequency and X being the lowest,_ 


Symplom 

Only 

Older 

Middle 

Younger 

Youngest 

Restlessness 

48(5) 

3«(3) 

20(1) 

24(2) 

40(4) 

Food fads 

40(5) 

24(3) 

0(1) 

16(2) 

36(4) 

Vomiting 

3«(4) 

16(1) 

44(5) 

16(2) 

28(3) 

Temper tanira 

Enuresis 

28(1) 

32(3) 

36(4) 

40(5) 

32(2) 

24(4) 

20(3) 

28(5) 

16(1) 

20(2) 

Fears 

2K4) 

16(3) 

12(0 

35(5) 

12(2) 

Quarrels with others 

24(3) 

32(5) 

20(2) 

16(1) 

24(4) 

Nf over-protection 

24(5) 

4(3) 

4(2) 

0(1) 

8(4) 

Quarrels with sibling 

0(1) 

36(4) 

24(3) 

36(5) 

8(2) 

Intelligence retardation 

12(4) 

4(3) 

32(5) 

0(1) 

0(2) 

Speech defect 

16(2) 

8(1) 

24(4) 

44(5) 

16(3) 

UnmnnaRcalde 

4(3) 

12(2) 

24(5) 

16(3) 

16(4) 

Disobcdicnr 

0(1) 

16(3) 

24(4) 

0(2) 

32(5) 

Converted sinUtrol 

12(2) 

16(3) 

8(1) 

20(4) 

28(5) 

M feeds and dresses 

20(4) 

16(3) 

0(1) 

16(2) 

0(1) 

24(5) 

School problem 

16(4) 

0(2) 

8(3) 

20(5) 

Noil biter 

20(4) 

8(1) 

12(3) 

8(2) 

20(5) 

Tctal freqviencv 

54 

46 

SO 

46 

60 

Weighting 

Total (5) 

3 

1 

+ 

4 

5 

(4) 

6 

1 

3 

1 

5 

Rating positions 

(3) 

1 

10 

2 

2 

2 

U) 

3 

1 

4 

5 

0 

(4) 



4 

6 

5 


tlie percental distribution of each sj^raptoimtic behavior for each of 
the five groups, It appeals that temper tantra occur most frequently 
among the and viiddle chlldieii, who have older siblings 

to annoy them and prevent them fiom attaining their wishes Ma^ 
ternni over-protcction is a moic significant problem of the only chil¬ 
dren than of the other types. One notes that the mother tends to 
prolong the dressing and feeding of her youngest child, frequently 
her only child, Table 3 reveals many difFcrences, some as marked 
•IS food fnds, others as trifling as enuresis. 

Ratings were made for the ficquencies of a symptom in the group, 
five representing the highest and one the lowest frequency. These 
have been used as weightings, for purposes of lough comparison only, 
as all the assigned ratings are not wholW valid, as when the pei- 
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centages are identical foi two or more gioups, one of them is rated 
as higher, Furtliermoie our groups are statistically too small to 
warrant Complete dependence upon the percentage calculations Fui- 
ther It IS propel to note hcie that the disorders complained of are 
mere tabulated symptoms, and do not repiesent single behaviors foi 
which the childien were lefencd to the clinic It is patent that 
the actual reasons for taking a child to a clinic must involve, not 
merely the family constellation, but also the natiiic of the pioblem, 
whicj) includes the home situation, which we have ignoied so as not 
to complicate our suivey of the ordinal position as a dominant factor 
The frequency of rating positions indicates that of the groups the 
^ounoesi child has 10 of [5] and [4], followed in oidci by only 
child with 9, ynuldle child 7, younger child 5, and olde^ child 2 
The implication of this fact is not wholly wananted because of the 
diverse chaiactei of the behaviors rated—thus it is not logically 
or scientifically sound to compaic the meaning oi lelative hazaids of 
such undesirable factors as converted smistral, nail bitei, j estlessness, 
enuresis and fears, Despite these admitted weaknesses, wc believe 
our method is wananted for its suggestive data 

The two groups having the highest weighting of frequency as 
computed for the gioups were the youngest of rnany [60] and the 
only child [54] groups, The difference between the youngest child 
[60] and the younger child [46] groups, is 14 points This is sig¬ 
nificant and suggests that the yomigest child has a familial position 
more siimlar to that of the only child than to that of the youtiget 
child in terms of frequency of undesirable reactions This is not in 
accord with Dr Adler’s theory. The only child has the heaviest 
weighting m restlessness, food fads, and maternal over-protection, 
while the youngest child is second in these traits The youngest child 
has the heaviest weighting in nail biting, school problems, and 
mother dressing and feeding, in which traits the 0 / 1/31 child has a 
close second weighting 

A comparison of the oldei and younget gioups indicates an iden¬ 
tical weighting for the oldet [46] and for the youngei [46] child 
It IS noteworthy that quarrels AVJth othejs is more common among 
the older than the younger group The older group holds the median 
position for 10 of the 17 symptoms, with the highest rating for 
quaneling and lowest rating for vomiting, speech defects, school 
problems and nail biting. It appears that the older child is a very 
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ortlinnr\' person and presents fcwei outstanding disorders than the 
other groups of clnlJrcn 

The ?tuflfile group and the yoiinffer child aftord some striking 
contrasts, as in, food fads, intellectual letardation and disobedience. 
The viiflfilc group presents the most frequent occurrence of vomiting 
enuresis, retardation, and unmanageabihty The younger child 
jL^roup exhibits temper tantra, fears and quarrels with sibling and 
speech defects most frequently of all the groups. 

Table 4 lists the observed differences of more than 15 per cent, in 
which the likelihood that the difference is due to more tlian pure 
chnnee is at least to 1 It is noticeable that temper tantra, 
enuresis and nail biting arc not within the category of chance One 
now notes the following interesting facts 

Restlessness is least frct|\ient among the middle group 
Food fads are least frequent among the middle group 
Vomiimg js least frequent among the younger group 
Fears are least frequent among the middle nnd youngest groups 
Quarrels with others are least frequent among the younger group 
Quarrels with siblings are least frequent among the youngest 
group, 

Speech defect is least frequent among the older group 
linmanageablc is least frequent among the only group 
Disobedience js least frequent among the only group 
M, feeds and dresses is least frequent among the younger group 
School problems are least frequent among the older and middle 
group 

Restlessness and food fads are most frequent in only groups 
Vomiting is most frequent in middle group. 

M over-protection is almost limited to o»fy group 
Inteneclunl retardation is almost limited to mtddU group 
Speech defect is almost limited to younger group 
Fears are most frequent in younger group, 

Disobedience is most frequent in youngest group, 

Converted smistrnla are most frequent in youngest group 
School problem is most frequent in youngest group 
Quarrels with others « nrosi frequent in older group 
Mother feeds and dresses is most frequent in youngest group. 


Rearranging these data, where a difference of more than 15 pei 
cent occurs, one finds the following peculiar grouping of behaviors, 
reflecting mixtures of personality traits and specific behaviors 


Only child 


Older child 


Least frequent 
Most frequent 

Least frequent 
Most frequent 


immanageakke, disobedient 
restlessness, food fads, vomiting, ma¬ 
ternal over-protection 
speech defects, school, problem 
quarrels with others. 
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Middle child 

Younger child 
Youngest child 


Least frequent' 

Most frequent 

Lea^t fiequcnt 

Moat frequent 
Least frequent 
Moat frequent 


food fads, fearSj school prohlema, 
vomiting. 

intellectual retardation, quarrels with 
others, 

vomiting, quarrels with others, mother 
feeds and dresses, 
speech defects, fears, 
fears, qiianela with siblings, 
disobedient, converted sinistral, school 
problem, mother feeds and drease^* 


Various inconsistencies appear which cast further doubt upon the 
influence of ordinal position Thus to find intellectual retardation 
most frequent and school problem less frequent in the middle group 
raises a question of the influence of biith order This holds true 
for the ^oungesi, with quarrels with siblings least frequent, and dis¬ 
obedience most fiequent, and even more so for maternal ovcr-protec- 
tjon most frequent among the 07ily, with tlie mothei feeds and 
dresses most frequent among the youngest child group, 

The numerical range of symptoms presented by each child was 
found to be from 1 to 8, with a median of 4 for each group The 
specific symptoms, however, varied in the groups as is manifest in 
Table 5, which lists the four most frequent behaviors clmracterizing 
each group 


TABLE 5 

The Pour Symptoms Most Frequent in Complaints 


On^y child 

Older of two 

Middle child 

Younger of two Youngest child 

Temper tantra 

Temper tantra 

Temper tantra 

Temper tantra 

Temper tantra 

KestlesHnesa 

Restlessness 

l^eiardaHon 

Restlessness 

Restlessness 

Food fads 

Quarrels with 
sibling 

Unnrests 

Quarrels with 
sibling 

Food fads 

Vomiting 

QunrrcU nvUh 
OtkciS 

speech defect 

Fears 

Disobedience 


Each group manifests at least one bchavioi, italicized, which does 
not appear in the other groups while the middle child group has 
three peculiar to itself Otherwise there is a good deal of similaiity. 
Temper tantia is common to all the groups, indicating that its oc¬ 
currence IS not due to ordinal position Restlessness occurs in all 
groups except middle child, while food fads, quarrels with sibling 
appear in the only child and youngest child groups, which have three 
of the four behaviors in common. The most individualized group 
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IS tlie middle cJnld, wliidi presents tlirec behavior disorders which 
do not appe?ir in any other group 

The nature of retardation and speech defect suggests that they 
are not based upon ordinal position What was the effect of intelli¬ 
gence lev^cl upon the various behavior disordcis? To answer this 
we selected tiic 25 children having the lowest IQ*s from the 125 
histones, Tliey ranged fiom IQ 38 to 92, with the majority be¬ 
tween 70 and 90, and the median at 81. Another group of 25 was 
selected with IQ*s ranging from 119 to 131, the majority between 
112 and 128, with the median at 123 The distribution of these 
children in the family constellation appeals in Tabic 6 

TABLE 6 


Distrjuution in tub Family Constci lation 





Low 

IQ's J8-92 

High 

IQ’s 119-131 



Only 

4- 

7 



Older 

+ 

6 



Middle 

10 

3 



Yo^inger 

2 

6 



Yo^ingeat 

S 

3 


The outstanding group in the low IQ is the middle child. Ten 
of the 25 children with the lowest IQ of the entire group are middle 
children This leads us to inqune whether the behavior disorders 
presented for the middle child in Tabic 5 were more definitely re¬ 
lated to the low IQ rather than to the ordinal position. A partial 
answer is found in Table 7 


TABLE 7 

I’liE Ages and Intciiigbnce Quofients of 125 Chiidren 


Median 

Only 

Older 

Middle 

Younger Youngest Total group 

CA 

5-1 

6-9 

7-3 

6-4 

6-3 

6-3 

MA 

5-6 

7-0 

6A 

6-9 

6-10 

6-6 

IQ 

lOS 

lOT 

97 

ros 

103 

105 

Range 

69-131 

87-131 

38-125 

79-128 

78-126 

38-131 


Tabic 7 shows that the middle child group has a median IQ sjy 
points below that of the next higher gioup (yomi^est) and eleven 
points lower than that of the highest group {yoiiuffei) The cnti- 
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cal ratio was found for this six points of diiferencc between the 

D 

middle gioup and the youngest gioup -= ,26, which means 

PErf/// 

that the chances are approximately 60 in 100 that the obseiv^d 
difference is not due merely to chance The difference of eleven 
points between the middle child group and the yonnffej child group 

D 

was studied by the same formula, - ^ .79, which implies 

PEtiif/- 

that the chances are approximately 80 in 100 that this difference is 
not due merely to chance 

The difference of the medians of the four other groups do not 
suggest that the IQ was an influence in the formation of their 
dominant behavior patterns That the IQ was piobably more sig¬ 
nificant than ordinal position for the middle child group is evident, 
in the relatively highci median CA that it presents, along with the 
relatively lowest median IQ 


TABLE S 

* The Eight Doviin\nt Symptomatic Behaviors 


Low High 

IQ's 38-92 IQN 119-131 

Symptom No of cases Symptom No of cases 


Temper tantra 9 

Quairels with others 9 

Restlessness 7 

Retardation 9 

Enuieais 7 

linmanageable 6 

M dresses and feeds 6 

Speech defect 5 


Temper tantra 12 

Qiiarrek with others 11 

Restlessness 10 

Food fads 9 

Quarrels with sibling 8 

Destructive 7 

M. dresses and feeds 6 

Natl Inter 6 


Table 8 lists the eight behaviois which occurred most frequently 
in the low IQ and the high IQ gioups, shown in Table 6 
According to Tabic 8 retardation, enuresis, unmanageability, and 
speech defect appeal in the low group but not m the high group, 
This corroborates our suspicion concerning the part that the IQ 
plays in causing the problems of the middle group, as these are the 
very symptoms found excessively m that gioup Inasmuch as 40 
per cent of our middle child gioup have IQ’s below 92, and approxi¬ 
mately the same peicenUge of our low IQ group piesents retardation, 
It is fairly safe to assume that this symptom of low intellectual 
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powejs i'-y not due to position in tlie fninilv (although, of course, these 
may not be exactly the same eh licit en) It would not be sur¬ 
prising if there wcic a relation between the low IQ and the enuresis, 
unmanageable, and speech defect. It is inteicsting to note that in 
both groups many children exhibit restlessness, temper tantra and 
quarreling, and the greater incidence in the high IQ group suggests 
that the JQ is nwrc important than the ordinal status^ because the 
high IQ’s are very evenly distributed in the oulyj oldcj and younget 
giQups It IS probable that mothers dicss and feed their children 
if they arc dull and need help or if they aic bright enough to demand 
niatcinal assistance, as no marked quantitative difference in these 
traits appear in the two groups. The food fads, quairels with 
sibling, destructiveness and nail biting of the high IQ group do not 
appear in the low IQ gjoup. Aggiessivc traits have a higher fic- 
quency in tile high IQ group, which also makes it leasonable to 
hclicvc that certain behavior trends aie more closely related to in^ 
telicctual levels than to ordinal position 

To dcteiminc if sex were a marked deteiminei, we noted the 
behaviors for girls and boys Perhaps the most significant finding 
in relation to sex is that approximately twice as many boys as girls 
had been selected in the random selection of oui clinic histories—83 
hoys and 42 girls. 

Tabic 9 clcarlv demonstrates that there are few marked differences 
of behavior patterns of this voung group in terms of sex This is 
what ivould be expected in terms of the undifferentiated sexual urges 
of thi*? latent peiiod Patently the sex factoi is not specifically 
related to level of intelligence or to ordinal position. The general 
similaritv of the behavior symptoms and their pcrccnt«T.l occurrence is 
exhibited in Figure I 

In Figure 1 slight dilfeiences are evident in a few traits and none 
exceed 16 pci cent The maximum percental difference occurred for 
retardation, and, therefore, wc computed the medians for both sexrs 
which were found to be as follows: 

Median GA MA BA IQ 

Girls 6-8 fi-10 6 106 

Boys 62 fi-+ 5 10+ 

This indicates that the girls as a group were slightly higher than the 
boys m theoretical intellectual ability. The graph therefoie shows 
that the complaining term "‘retaidation/’ although it is applied more 
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TABLE 9 

Behavior Disorders and Thlir Frequency ok Occukrencc According to Sex 


Symptom 

Girls (42) 
No 

% 

Boys (83) 

Symptom No 

% 

Temper tantra 

13 

30 

Restlessness 

31 

37 

Food fads 

12 

2S 

Temper tantra 

30 

36 

Qua 1 ids Avith 

Others 11 

26 

Quairela with others 

22 

27 

Vomiting 

10 

21 

Food fads 

19 

23 

Bestlessncss 

10 

23 

Enii resis 

18 

21 

Fears 

10 

23 

Quarrels with sibling 

17 

20 

Unmanageable 

10 

23 

Vomiting 

l^ 

19 

Enuresis 

9 

2J 

UuraanageabJe 

16 

19 

Converted sinistral 8 

19 

M, feeds and dresses 

16 

19 

Quarrels with 

sibling S 

19 

Destructive 

16 

19 

Eeta/dation 

7 

17 

Nad biter 

1 + 

1$ 

Nail biter 

6 

14 

Converted sinistial 

14 

1C 

Shy 

6 

14 

Speech defect 

13 

15 

Tjc 

5 

11 

Cries easdv 

13 

15 

School problem 

5 

n 

Sdiuol problem 

13 

IS 

Destructive 

4 

9 

Fears 

10 

12 

M dresses and 

feeds 4 

9 

Masturbation 

10 

12 

Irritable 

3 

7 

M over-protection 

9 

10 

Speech defect 

3 

7 

Night te^ro^‘^ 

9 

10 

Constipatioo 

2 

6 

Disobedient 

7 

g 

M over-protectjon 2 

6 

Swears 

7 

8 

Cries easily 

2 

6 

» Tic 

6 

7 

Swears 

2 

6 

Pains 

6 

7 

Pains 

2 

6 

Stealing 

4 

4 

Disobedient 

2 

6 

Irritable 

3 

3 

Stealing 

1 

2 

Shy 

3 

3 

Night terrors 

1 

2 

Retardation 

2 

2 

Asthma attacks 

1 

2 

Asthma attacks 

2 

2 




Constipation 

1 

1 




Delinquency 

1 

1 




Truancy 

1 

1 


frequently to gills than to boys, cannot lefei specifically to intel¬ 
lectual level This apparent dispantv on the giaph must picture 
not an actual limitation of ability but rather judgments affecting 
the mental aduevement of the giils and boys, Other differences 
which seem laige arc moie readily explained, as for example, the 
presence of masturbation in 12 pei cent of the bovs and in none of 
the girls This is piimanly due to the accessibility of the male 
genitalia and has no relation to the ordinal position, as is shown by 
Its pievalence m all the groups (Table 1) The marked difference 
in lestlessness, 23 pei cent gills, 37 pci cent boys, is referable to the 
hypcrfcmesis, which is noimal in boys m all oidinal positions* 
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FIGURE 1 

Showing Data from Tadlp 9 

The similarity of the sexes in behavior becomes apparent in such 
traits as disobcdienccj maternal orcr-protcctiDn, nail bjting^, irrita¬ 
bility, converted sinistrality, quairels, tics, pains, stealing and enure¬ 
sis The percentages probably are distorted because of the small 
number o£ the entire group and the inequality of the sexes The 
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limited data warrant the conseivative conclusion that sex was not 
an essential factor in the great majority of behavior problems charac¬ 
terizing our entire group 

The children weic grouped according to various ages iii order to 
ascertain whether or not age was a maiked determiner of undesirable 
behavior patterns 

Tables 10 and 11 reveal the four most prominent symptoms, ac^ 
cording to frequency, for each of these age groups. 

TABLE 10 

Pbrcen tal Occ u rrence of Disord ers Among Children of Similar Ages 

Nu mber _ _ 

24 CA between 5-6 years Rcaclcssncsa (50%) temper taiitrn (42%), 
food fads (42%) 

IS MA between 5-6 years Speech defect (33%), temper tantra (26%), 
restlessness (26%), unmanageable (26%) 

27 BA of 5 years Restlessness (+8%), temper tantra (37%), quarrels 
with others (37%), unmanageable (25%) 

36 CA between 6-7 years. Restlessness (30%), quarrels with sibling 
(30%), quariels with others (26%), unmanageable (26%) 

35* MA between 6-7 years Restlessness (43%), temper tantra (31%), 
food fads (25%), quarrels with others (23%) 

34* BA of 6 years. Restlessness (32%), temper tantra (29%), quarrels 
with otheis (29%), unmanageable (26%) 

36 CA between 7-8 years Temper tantra (30%), restlessness (26%), 
quarrels with others (25%), unmanageable (25%), 

30 MA between 7-8 years Quarrels with sibling (36%), restlessness 
(33%), temper tantra (33%), nail biter (27%) 

20 BA of 7 years, Restlessness (35%), school problem (30%), quarrels 
_ with sibling (30% ), fears (25% )_ __ 

____ TAB LE n ___ 

Number _____ ____ 

24. CA between 5-6 years Restlessness (50%), temper tantra (42%), 
food fads (42%), quanela with others (33%) 

36 CA between 6-7 years Restlessness (30%), quairels with siblings 
(30%), unmanageable (26%), quarrels with others (26%) 

36 CA between,7-8 years Restlessness (26%), temper tantra (30%), 
unmanageable (25%), quarrels with others (25%) 

15 MA between 5-6 years. Speech defect (33%), temper tantra (25%), 
restlessness (26%), unmanageable (26%) 

35 MA between 6-7 years Food fads (25%), temper tantra (31%), 
restlessness (43%), quarrels with others (23%) 

30 MA between 7-8 years Nail biter (27%), temper tantra (33%), 
restlessness (33%), quarrels with siblings (35%) 

27. BA 5 years Restlessness (48%), temper tantra (37%), unmanage¬ 
able (25%), quarrels with others (37%). 

34 BA 6 years Restlessness (32%), temper tancia (29%), unmanage¬ 
able (26%), quarrels with sibling (29%) 

20 BA 7 years Restlessness (35%), school piobJem (30%), fears 
(25%), quarrels with sibling (30%), 
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Tiiblcs iO and II <;lioiY restlessness, temper tantra and Quarrels 
With others at each of the age levels, with a tendency to decline 
with the rise of CA and BA rather than W’lth MA Considering 
the group CA 5-6 years, one notes a slightly closer relationship be¬ 
tween Its behavior patterns and the group BA 5 years than with the 
group MA 5-6 ycais. Restlessness shows 50 per cent and 48 per 
cent and temper taritra shows percentages of 42 per cent and 37 
per cent for CA 5-6 years and BA 5 years as contrasted with 26 per 
cent among tliose with MA 5-6 years, Children with a CA 5-6 or 
BA of 5 appear to quarrel with others, 33 per cent and 37 per cent, 
but this trait does not appear among the fir5»t four behaviors of the 
group MA 5-6 years 

OiJ^JttiDg an analysis of other CA groups this discrepanc}^ called 
for further study of the basal age. It is interesting to note the 
amount and frequency of deviation from the basal age as recorded 
in Tabic 12. 

Inasmuch as Table 12 demonstrates a normal deviation of BA 


TABLE 12 

Showing Daviation from the Basal Age 


CA yrs (14) 

CA 4-5 yra. 

(i^j 

CA 5-d yrs, 

(2J) 

Median BA 3 

Median BA 4 

Median BA 

5 

Deviation from 

Deviation from 

Deviation from 

CA MA 

CA 

MA 


CA MA 


+2 


+2 


‘+2 


I +1 

3 

+1 


€ +1 


13 nt 10 

S 

at 

z 

10 at 

a 

—1 3 

4 

—1 

7 

3 —1 

12 

—2 1 

1 

—2 

1 

6 —2 

2 

—3 


—3 


-^3 


At Medina At 

At Median At—1 

At Meehan - 

-1 

CA d-7 yrs (37 






Median BA 6 




Median BA 7 


Deviation from 




Deviation from 


CA MA 




CA MA 


+2 




1 +2 


4 +1 




3 +1 


21 at 14 




11 at 17 


10 —1 19 




9 13 


1 —2 3 




4—1 3 


1 —2 1 




3 —3 






2 —4 


At Median —>1 




—1 Median At 
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from CA and MA from all CA groups, it is suggestive that the be¬ 
haviors showing a high correlation of percentages in the CA and BA 
groups of Tables 10 and 11 may be regarded as affected by the 
level of maturation This is again only secondaiily related to ore! in il 
position 

A comparison of our findings with the data of other investigatoi^ 
adds various degrees of support to our conclusions. Grace Arthur 
(3) points out that IQ^s seem to be higher for the younger siblings 
than for the first boin Studying Minnesota Kindergarten children, 
all of whom were tested at the end of the yeai by the Kuhlman 
Binct Scale, she found for 92 pairs of siblings that the median IQ 
of the older one was 93 05=bll 29 and that of the younger was 
99.14=tl0 42. She holds that the difference is significant, because 
there is less than one chance out of a bundled that the six points 
of difference would change if another group were tested She then 
tested the siblings of 85 families, containing three children each, 
with the following results (with our figures in parenthesis for com¬ 
parison ) 

Older 82 70 (107) 

Middle 90,34 ( 97) 

Youngest 95 34 (103) 

As the children she tested were of foreign descent, and in some cases 
had a language difficulty, she reduced the group to include only those 
with American surnames, but found an insignificant difference of 
1 0 The standard deviation was found to be greater for the older 
child and the difference seemed to increase with CA, 

Thurstonc and Jenkins (20) agree with her, although their 
studies embraced 1,430 children recorded at the Institute of Juvenile 
Research, who ranged from one to twenty-one yeais They state. 
‘The fact that 23 out of 28 comparisons favor the later-boin sibling 
and the further fact that all of the comparisons involving large 
samples consistently favor the last-boin seem to justify the conclu¬ 
sion that intelligence increases on the aveiagc with oidci of birth 
m the same family In their conclusion, they remark ccacerning 
the only child, “Neuropathic tendencies aie usually fiequent among 
only cliildren.” Among the behaviors, they report incest, and a. 
frequency of fear, disturbed sleep, constipation, and enuresis A 
disproportionately large number of first borns were found among 
the problem children 
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Haiolci Ellis Jonps (9) points out the many handicaps of the first 
born, indicating that picnatal conditions are lelatively unfavorable, 
the percentage of prematme is highei; the duration of inhor 

IS longer; and the fmt horn child tends to be a hghtei and smaller 
child, Jones presents the following tabic (Table 13) (Our own 
figures arc m parenthesis for comparisons) 


TABLE 13 

A CoMpARiso'^ or IQ's of 1 st and 2Nn Dorn> After Hsiao 


Test 

No 

Birili 

order 

Mean 

IQ 

Sibling 

correlation 

Chances 
in 100 
that iBt 
born ate 
inferior 

Stanford 






Dinct 

133 

Ist 

102S±13 








(25 older 107) 





56 

100 


133 

2ncl 

107 6±l 3 


(25 3 0trneef 108) 


Thecdoie Lentzi (11), analyzing 4,000 siblings, langing in age 
from six to 20 5'cais, found the median IQ to be 97 9 and a median 
of +16 children in each family. His table follows (Table 14). 


TABLE U 


No. siblings 

Average IQ 

No cases 

Our figures 
(25 in each group) 

0 

107.9 

415 

105 

1 

105.6 

S65 

107 

2 

101 5 

772 

103 

3 

97,4 

C89 

108 

4 

94 3 

516 

97 

10 

83 9 

25 

79 (5 and ovei) 

12 and over 

79 9 

15 


lie coiidudccl that tlicic is a marked inverse ielation between the 
size of famiJy and the IQ, Pie also concluded that thcie is a marked 
decline in average IQ from one genmation to the next, which he 
implies IS due to this inverse relation This is a vciy doubtful 
statement as data nie lacking to piovc that the IQ level changes 
from generation to gcnciation Tlieie is some evidence to support 
the concept that patents with low IQ’s tend to have some childicn 
witli mentalities slightly above their own 
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Neil Dayton (6), investigating 10,455 retaided children in the 
Mn-^srchusetts public sdiools, icportcd moTc than ball oi them to be 
mental delectivcs (IQ below 70), but he found no significant cor¬ 
relation between the position in a family and the occurrence of 
feeblemindedness The families containing mental defectives weie 
larger than those with other types of letarded children and were 
appioximately twice as large as families having a college student or 
gifted child, 

H E G. Sutherland (17) studied a gioup of 3,096 miners and 
their children in ordei to prcseive a common social status and rule 
out the possibility that social status might be an influential factor 
in determining intelligence levels. He also noted, “negative cor¬ 
relation between intelligence and size of family even with the group 
whose fathers all follow one occupation and are of the same social 
status,’* 

Ciosby, Chapman and Wiggins (3), on the other hand, stated 
that theie is a marked general tiend for large families to be of 
inferioi intelligence and social status 

Most of' tlie above studies dealt with several children in family 
groups and, theicforc, are not exactly comparable with our study, 
but have definitely suggestive values. Our figures appear to sup- 
poit the thcoiy that the younger child tends to have a higher IQ 
than tiie older The median IQ for oui entire group was 105, whicli 
was equalled by the only cluld, exceeded by the oldet and yonji{/:r 
gioups, but was not reached by the middle child or the youngest child 
gioups This suggests that the IQ tends to deciease with the in- 
cieased numbei of siblings, 

L, M. Terman (19) comments concerning lus own and Cattell’s 
cases of gifted children that, 'hn each case neaily thiee-fifths are 
first born ** 

The behavior pioblems of childicn have received their due 
amount of attention, and we have combined the lesults of seveinl 
icsearches, for the puiposc of a comparative study, in Table 15, in 
which leportcd occurrences of behavior aie expressed ns percentages 
A few leferences merit considei ation in connection with Table 15. 

Starch (16) WJOte that, *’The chief significance of the piesent 
lesults consists in further corroborating the notion that the mental 
make-ups of human bemgs is as much a matter of lieredity as their 
physical make-ups and that environment plays a idatively small part 
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lABLli IS 

Behavior Problems of Children 
All results translated into percentages of the groups 

Kawin 

(250) 

Pi oh- Well Un- 


Behavior 

dfsofdcf 

WliII 

(25^ 

Taylor 

U90) 

lem 

too 

adjusted 

50 

aelecied 

m 

OUon 

(3i) 

Wile 

(135) 

Disobedience 

56 


33 

26 

27 


7 

Temper tantra 

52 

27 

45 

3S 

47 


36 

Food fads 

52 

17 





24 

Enuresis 

^4 

45 

31 

16 

23 


22 

Destructive 

40 

8 

8 

2 

4 


17 

Restless sleep 

U 

6 






Masturbation 

n 

6 

10 

12 

12 

10 

8 

Domineering 

2S 







Hyperactivity 

28 

6 

5 


4 


35 

QiiJirreling 

24 






2? 

Nail biter 

24 

23 

10 

20 

10 

83 

16 

Jealousy 

20 

2 





21 

^ViHfulness 

20 







Stealing 

20 

1 

4 


3 


4 

Whining 

16 


22 

12 

12 



Night terrors 

16 

14 





10 

Stubborn 

12 

21 

34 

16 

24 


28 

Lying 

12 


2 


2 



Frequent unnation 

iZ 







Dialilcea duties 

12 







Si veers 

12 






7 

Crnftinesa 

12 







Finger sticking 

S 





20 


Unclean eating 

S 







Truancy 

s 

1 

2 

2 

2 


X 

Defecation 

8 







Exhibition 

S 







Greediness 

8 







Sleep waiking 

4 







Voniiling 

4 



2 

1 


20 

Stammering 

4 

S 

7 

in 

8 


14 

Rc/rging 

4 







Voracious appetite 

4 







Refusal to cat 









with family 4 

No spunk 4 

Tic 
Shy 

Relnrd^ition 

rdiocy 

Defeettve parents 
Pains 

Ov’Gr dependence 
on adults 
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in producing the resemblance of closely related individuals.'* He 
reached this conclusion upon the basis of achievement tests and their 
mtersibhng conclations. The correlation between the mental traits 
of biothers and sisters was approximately as high as that between 
their physical traits, and he found that this held tiue foi traits not 
affected by school woik, as well as for those directly influenced by 
school preparation As all the recent studies of heiedity and 
environment point to their interaction and inseparability, this js 
haidly a startling conclusion 

Blanche Weill (21) investigated 25 problem children between 
the ages of 2 and 12 j’^eais in 17 different families and listed the 
nature and frequency of their undcsuable, or deviating, behaviors. 

Marianna Taylor (18), reporting upon a gioup of 190 school 
children seen at the Boston Psychopathic Hospital, recorded their 
most prominent behavior problems in terms of frequency 

Ethel Kawin (10) presents a thoughtful chapter on behavior and 
birth order In her group of 100 ‘^problem” children from Chicago 
nursery schools, she obseived that there was *‘a larger proportion of 
oldest children among the socially unadjusted children and a larger 
proportion of youngest children among the well-adjusted group 
than there are in the other groups ” She noted that the most 
outstanding behavior disorders were those of '‘negativism” and 
“enuresis,” but hex gJoups of children were all under age seven, 
She compared three groups, a problem group, a well adjusted group 
and an unselectcd group. 

W. C. Olson (15) took as his subjects 35 children from the first 
giades of the Minneapolis public schools (and 100 children from 
second grades whom we are ignoring because of their higher age ) 
Using ten-minute periods of observation he found that Oral Habits 
(thumb sucking, nai! biting, etc) were among the most frequent 
piactices 

Table 15, then, is a tabulation of these several studies, for pur¬ 
poses of comparison with our own results, regardless of the admitted 
diffeience in gioups, ages, places, and conditions of observation 

The outstanding differences in this table occui in the data from 
Weill and Olson, which is due mainly to the small number of cases 
which they studied and then subjective methods of observation. 
Kawin*s data are the most comparable to ours, because of the size 
of our groups and because of a gieater similaiity in age range There 
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IS II wide distribution of hehuvioi symptomatology in each study, 
wluJi, making allowances foi differences in nationality, education 
and backgioiind, suggests tJiat the diversities of behavior are not 
primarily hound up in position in the family The most outstand¬ 
ing siniilaiities occur in tempci tantra, enuresis, masturbation, nail 
biting, stubbornness, stammering, refusal to eat with the family, 
and shyness Kawin's well adjusted group and unselectcd group 
provide a control and suggest that oui group of 125 children weie 
more destructive, hyperactive, over-dependent on adults than an 
unsclected group would be, also that they were more susceptible to 
night terrors, vomiting and tics. Further comparison of the general 
results seems fruitless as this study primarily concerns biith older. 

The difference in lij^peiactivity, however, is so gieat that it seemed 
wise to compare our findings with those of A T. Childers (5), who 
studied 30 cliildren fiom the Central Clmic in Cincinnati who pre¬ 
sented hyperactivity, 

TABLE 16 

Thirty Hyperactive Chiidhen—Childers 



No 

% 



AbilUv higher than MA and general intelligence 3 

100 



Abilily louver than MA and general intelligence 

11 

36.7 



Ability cijual to MA and general intelligence 

11 

36,7 



Unrecorded, undcterinined 

5 

167 







Our cases 

Only child 

11 

36,7 


48% 

Oldest (blit noi only) 

6 

20 0 

older 

36% 

Middle 

6 

20 0 


20% 

Youngest (but not only) 

6 

20 0 

younger 

2+% 




youngest 

40% 


The differences in percentages as shown m Tabic 16, at least 
suggest that our gi oup as a whole was not as extreme in hyperactivity 
as Kawin^s figuic might imply It is piopei to note that Childers^ 
cases in each gioup were so few that his peicentagcs have vciy doubt¬ 
ful statistical validity We offer them merely as a basis of ciiticis- 
ing our own percentages, which, while more valid, aie not sufficiently 
accuiate to warrant prediction in largci groups, or even groups 
differently constituted 

Summary and Conclusions 

We have studied the beliavioi disorders of young children in terms 
of age, sex, intelligence, concomitant behavior and birth order. We 
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tmve also compaicd our data with those of otlier investigatois As 
a result; we brave readied the followJJig cojidusions* 

1 The Ordei of Birth in a family does not deteimiiie behavior 
chaiactcristics, because fewer than 48 per cent of the children hold¬ 
ing similar positions in like families exhibit the same behavjoi dis- 
ordeis. 

2 The childien studied evidenced no basic correlation between 
any two symptomatic behaviors Such a coirelation would be ex¬ 
pected, if Di. Adler’s theory of family constellation held tiuc for 
any ordinal position. 

3 The youngest child In a large family presents bchaviois mote 
similar to those of the only child than to those of the youngei child 
in two child families The frequency of specific undesirable be¬ 
havior reactions is considerably higher m the o/z/y child and the 
youngest child groups The oldet and younger in two-child families 
seem to present similar problems, but without the same frequency. 
Ordinal position shows no markedly definite influence 

4, The intellectual potentials, computed by the Stanford Bmet 
scale, weie normal for all gioups The middle child group had the 
lowest median IQ, of 97 The predominating symptom of the iniddle 
child group agreed closely with those of a group of 25 childien with 
the lowest IQ’s (all below 92). Several traits, as temper tanlra, 
quairels with otheis, restlessness, mother dresses and feeds, were as 
common among tlic low IQ group as among a group of 25 children 
with IQ's above 119 The low IQ group alone showed enuresis, 
retardation, unmanageabihty and speech defect among the first eight 
behaviors, while the high IQ gioup similaily revealed food fads, 
destructiveness, nail biting and quarrels with sibling. 

5 Sex had no apparent consistent effect upon behavior patterns. 
Retardation was the only chaiacteristic in which tlie diffeiencc be¬ 
tween the sexes was as gicat as 16 per cent, and evidently the girls 
were interpietatively teimed ‘‘retarded,” because, factually, their 
median IQ was two points above that of the boys 

6 Approximately twice as many boys weie brought to the clinic 
as gnls 

7 There is considciable evidence that some foims of behavior aie 
related to matuiational levels rather than to oidinal position, 

8 Theie is a tendency for IQ levels to decrease with rising or¬ 
dinal position, with accompanying vanations of behavior patterns 
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9 Our studies of tlic general occmicnce of behavior disorders 
of young children indicate a very close agreement with the findings 
of Kawin 

10 We found a negative correlation between the size of family 
and intelligence winch is in agreement \Mth Lentz, Dayton and 
Sutherland 

11 Birth order docs not dctciininc bchavioi or personality char- 
actenslics, but the family constellation does provide a different 
environment for each individual, In specific cases this special en¬ 
vironment may affect individual behavior disadvantageously, but 
birtli ordei lacks the cftcct of a determinism 
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AN EXPERIMENTAL STUDY OF THE DEFENSE MECH¬ 
ANISM IN THE OPOSSUM, WITH EMPHASIS ON 
NATURAL BEHAVIOR AND ITS RELATION 
TO MODE OF LIFE« 

Coitiell Ujtiversity 
W T James 

The avoiding oi escape response in different animals has been 
studied mamly with a single redction system. Most of these have 
employed the withdrawal of one of the legs away from a pain pro¬ 
ducing object This procedure was used satJsfactoiily in expeiiments 
on the dog, sheep, and goat, by Liddell, James, and Anderson (3) 
In a later study (1) I found that this method was not adequate 
when dealing with a lower order of animals, such as the guinea 
pig. The flexion of the foreleg of the guinea pig could not be con¬ 
ditioned From this we might be led to infer that the guinea pig 
IS inferior to the other animals in its ability to become conditioned 
to dangerous objects This is not true since the natural escape re¬ 
action from pain pioducing and dangcious objects for the guinea 
pig IS to withdiaw the entire body by running, and this response 
was easily conditioned. The cortical mechanism of the guinea pig is 
sufficient therefore to signal its natural modes of response, and it is 
only on this basis that this animal may be compared with tliose of 
diffeient orders The total situation, under conditions natuial to 
the animal, is under observation rather than the general response to 
an isolated adjustment 

Fiom this point of view it is interesting to coiisidei the behaviors- 
of animals of still lower orders than the guinea pig Behavior 
phenomena and the significance of neivous development in evolution 
and mode of life can be understood only if emphasis be placed on 
natural reactions In this report we deal with the behavior of the 
Virginia opossum The opossum is largely nocturnal, while its prin¬ 
cipal habitat is the daik of caves and hollow trees Among the many 
primitive forms of behavioi which this animal exhibits, is an ex¬ 
tremely passive defense reaction When the opossum is sui prised 

^Pfom the Coincil Anatomy Farm 

^Received jn the Editorial Office on January 4, 1937 
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by fi strange instead of attempting to lun away, it lies down, 

■calls up, and remains motionless. It is difficult to imagine how such 
a reaction conuihutes to the survival of the animal. Is this behavioi 
an eYtrcme foim of inliibitiori, the same general icaction as is ob¬ 
served in otiici animals to a less dcgice; or is it a special piotective 
phcriomen-on peculiar to the opossum^ What neivous oi anatonucal 
structuies are con elated with tins reaction which might help us to 
understand it? Thcbc questions cannot be answered until the aiu- 
mal’s ability to defend itself and to escape ftoin dangeious situations 
have been studied experimentally The present cxpeiiments aic con¬ 
cerned with' fintj the conditioned flexion of the foielcg to an elec¬ 
tric shock; second, the total tunning icsponsc to an electiic shock, 
and ihnd, the passive defense and attack icaction, 

ExPERrMfcNT I 

In the study of the flexion response of the foieleg, the procedure 
was the same as that used in the expciiment of the guinea pig (1) 
The animal was confined on a platform b\^ a cord passing fiom the 
neck of the animal to a homontal beam just above it (Figuie 3). 
The hind legs were tied loosely to two pegs. By this annngcment 
the animal was free to move within limits but could not escape The 
flexion of the leg was recorded oii n kymograph in an adjoining room. 
The breathing was recoided by a pneumograph of the tjpe regulailj^ 
used in experiments with the dog 

When the front leg was shocked electrically, the foot was lifted 
and then icpiaccd slowly Tlicie was no intense excitement oi aftci 
discharge of excitation as obseived in the sheep and dog A bell was 
sounded three seconds befoie the application of the shock After 
more than three hundred applications of the bell signal there were 
no in dictations of a conditioned leg reaction. Theic was some breath¬ 
ing response to the signal, hut it may be definitely concluded that 
the foreleg reaction of the opossum cannot be conditioned (Figure 1). 

Experiment II 

In the second experiment the lunniiig lesponse to an electuc shock 
was observed. A two compartment box was used with an electric 
grill on the floor of one compaitment The animal was free to es¬ 
cape into the second compaitinent when the current was applied to 
the grill. It was found that the opossum would not run oft the grill 
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1H£u?« 1 Bhowe the behavior of the opo«euiQ after 5OO applloatlona of the bail 
and ahoe^.The reeponee of the lag 00ours almultaneouely with the aVioek although 
tha bell praoedeg it by 6 eeconda^Note that there is a oondltlonad breathing 
reaction. Flgura 11 ahoee the conditioned reaction of the head to the atlck 
on the Beoond epplioatlon of tho buzaer. The head moveiaonb ocoura to the 
butter rather then the etiok, 

F/J 



l^igure 111 ehowB tho opoeeum in tho opparatue used In the first 
and third oxperiDentB« In the former the recording string was 
tied to the foreleg while in the latter the string wae faetened 
to the head. 

FIGURES 1-3 


when shocked on the feet It would curl up <ind tum ovci on its 
side In this position the shock was avoided because the aiiimars 
fur coating piovicled insulation Eveiv effort was made to lead or push 
the opossum towaid the second compartment, but the animal never 
of Itself tried to escape If the opossum was held iipiiglit so that 
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the feet wcic shocked^ its legs would be raised alternately in a slow 
forward moveinent, not at all the brisk lunning response shown 

1) V the guinea pig T/ie conclusion is that the running reflex fs un¬ 
necessary as a means of escape when another foiin of lesponse serves 
to protect the animal The opossum does not resort to running as 
a mode of defense. 

Further study has brought out aiiothei reaction. When one fore¬ 
leg IS shocked the opossum always turns his head toward this leg 
and holds the mouth wide open, Raising the leg and turning the 
head with open jaws seems to be a delinitclj'^ composite or (ombined 
reaction When the nniiiial \\as on the electric grrll it would open 
Its mouth wide during the shock and at times would even bite at 
tlic ualls of the box The shock biuught the animal out of the 
passive defense attitude which it ordinarily maintains and the biting 
reaction was exhibited as a basic bchavioi. There is a possibility that 
this beliavior, together with the passive defense attitude^ constitutes 
the chief protective responses of the opossum A further effoit was 
made to determine wlictlicr these reactions could be conditioned 

Experiment III 

The simplest way to elicit the head and moutli reaction is to move 
a stick toward the head of the opossum, When the approach of the 
stick was sign«illed by a buzzer, the attack behavior became condi¬ 
tioned after only one application of the conditioned stimulus (Figure 

2) A test was again made with the animals which had already been 
Used on the grill and in the foreleg experiments, and in no case did 
tbev give the running i cacti on or the flexion reflex The <ittnck 
behavior is very easily conditioncdj and is probably of high value 
as A survival reaction. 

Discussion and Conclusions 

In the present cxpciimcnts witlidiawal and escape as well as de¬ 
fense reactions of the opossum were studied, In order to compare 
this animal with otheis which have been studied, similar piocedures 
^\cre used The experiments eonclusivelv show that, with the opos¬ 
sum, the leg reaction to an electric shock cannot be conditioned. The 
animal could not even be taught to progress forward on an electric 
grill Thus withdrawal by mnning would seem to be almost absent 
as a means of protecting this animal from pam producing objects. 
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Langworthy (2) the foieleg segments have a cor- 
on eaily in the development of the opossum biain. 
it js necessaiy that the forelegs become active early 
n Older that the immature j'^oung may crawl up to 
loiigh these cortical centers aie highly significant for 
f life they lose their significance later in maturity 
nd, the hind legs aie not represented in the cortex 
at all The low stage of segmental relation to the 
act that the segments cannot be conditioned is prob- 
neurological factors which piedisposcs the animal to 
Jits An animal with the escape leaction m such a 
elopment depends entirely on another foiin of avoid- 
ion The well known “death feigning’* oi “opos- 
ae avoidance whicJi is effective in times of danger 
r lb within close langc the opossum displays a strong 
This attack reaction can be readily conditioned If 
ng IS merely an extreme foxm of inhibition, then it 
idei stand how the attack reaction can be so readily 
lis account the passive defense behavioi seems rather 
ve reaction coirelated entirely with the inability of 
run The anirnal feigns death in oidci to escape 
■able to escape by pi ogressive movements, yet by be- 
and still, It suivivcs 

als with peculiar modes of life, for protecting, avoid- 
aiefuHy studied, it is possihle that the neurological 
nch deteimiiie these modes of life could be specifically 
ight be deteimined whethei theie are specific diftci- 
uie of the nervous phenomen.'i or uhethet the diftei- 
lal oiganiitation The reptiles, foi example, are slow 
d assume fixed postures which ma^'^ be held foi homs 
3 W action and fixed posture in stalking their piev, yet 
s neai the leptile strikes swiftly These special modes 
le coi related with a peculiai balance between exci- 
ntoiy systems, or it miy be that this neivous ndjust- 
of animals of a higher ordei but is expressed differ- 
Its anatomical make up Reptiles, like the opossum, 
inncis, theiefoie their peculiar modes of defense and 
•oi related with an anatomical deficiency, oi in other 
action is directly infiuenced and deteimined hy ana- 
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tnmical development In studying the icaction of these animals spe¬ 
cial attention also iniist be given to the enYiroiuncntal situation 
It siiould be eiiiphabieed that intetprctiition of conditioned icaction 
must take into account the ncivous development of the animal, its 
anatomical cniistruction, and the enviionmental aspect Animals with 
a neivous ststem only in a low stage of development have certain 
jellcY phenomena that aic rendilv conditioned, and m such animals 
these rcflpYcs arc exhibited undo all changes in the environment 
On the nthci hand, animals of a higfici order may show variable le- 
spoihcs to the same stimulus or may give the same response to diffei- 
ent stimuli Aninviis of a lower ordei sliovv .1 langc of reflex action 
very limited in its natuie. Such difteiences among animals must 
always he kept in mind in conipaii'ng the membcis of one group with 
anothei, as well as m dmwtng conclusions regaiding the behavioi of 
one species on the basis of knowledge deuved from a diffeicnt species 
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THE INNATE ORGANIZATION OF VISUAL ACTIVITY: 
I PERCEPTION OF FIGURES BY RATS 
REARED IN TOTAL DARKNESS""' 

Unrvm d University 


D. O Hejbb 


The extent and even the existence of an innate organization of 
Rnimn] hehnvwr Jj/?s io\ r ^ong time been a rmijor problem ior 
psychological tiieory. The recurrence of distinctive steicotyped 
modes of behavioi in successive generations suggests that they aie 
deteimmed tbiough heredity Such recurrent behavioi, wlicre the 
oppoitunitv foi Its acquisition during the life of the individual is 
limited, has led to the conclusion that the behavior is determined bv 
rhe developed shuctures of the central nervous sj'stcm, and to the 
classification of the reactions as reflex and instinctive, implying lacial 
lathei than individual acquisition 

On the other hand, a numbei of psychologists, chiefly of the be¬ 
havioristic school (Holt, 1931, Kuo, 1932; Watson, 1919), have 
explicitly denied that there is, m mammals at least, any oiganization 
of behavior except that which is built up from inndom movements 
and the accompanving sensory excitations The fiist sensory excita¬ 
tions aie regarded as irradiating widely in the cential nervous sys¬ 
tem and later, when the individual reflexes become oiganized, as 
being concentrated upon specific groups of eflfectois From this 
viewpoint the development of function within the cential neivous 
system is quite plastic, gross stiuctural features may piesent limits 
to the development of behavior, but do not essentially deteimine the 
behavior itself It is held by these writers that even the eaily ic- 
flexes are a product of the peculiar cnviionment of the embryo and 
developed by processes compaiable with the learning of the adult 
oigamsm 

Field and experimental studies of inveitebrates and sub-mammalian 
vcitebratcs (eg, Caimichael, 1927; Moigan, 1896; Weiss, 1926) 

"^Accepted for piibhcatjon by Karl S Lashley of the Editorial Boaid, 
and received m the Eclitorral O^hce on Janonry 11, 1937 
The wilier is gieatly indebted to Professor K S Lashley for aid in 
planning and carrying out these experiments and in the writing of this report 
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have provided ample evidence to make such a position untenable foi 
these lower forms With mammals, liowevei, theic lias been little 
conclusive evidence on the question of innate oiganization ot be¬ 
havior, and that little chieflv conceinmj^ motoi activity (Stone, 
1914) The problem of the sensory oiganization coricsponding to 
those motor pattcins which are refened to as instinctive has been 
almost untouched. Such woik ns Stone’s on the scvual and maternal 
bcliaviot of lats, primarily studies of motor activity, implies of course 
some study of sensotv oigani«ation> sintc the niotoi activity is fre¬ 
quently a disciiminatoiy response, The stimulus patterns which 
elicit the response arc of a limited langc, though the limits are not 
yet cleaily defined The innate motoi oigamzation then imphcs 
an innaie sensory organization whose nntiiic and extern arc almost 
unknown 

'riic Gestalt School, again, nnphes the innatcness of ccitam or¬ 
ganizations of the visual field, in sticss/ng the dominance of piirni' 
tive Grsialten ovei otliois established by tiaitiing The evidence cited 
includes tlic persistence of visual illusions in spite of experience, and 
the failuie of experimental subjects to pick out figuies winch tliev 
have been trained to recognize, when these foim pa its of moie dom¬ 
inant figures (Koffka, 1935; Kohler, 1929) 

Such an argument, however, c«annot be iiltogcthei conclusive The 
dominance, at maturity, of certain types of visual Oestalten over others 
may itself be n resultant of the innumerable learning situations pie- 
senteci during giowth, and not an inherent function of the centuil 
xicivoii-i system. The same objection applies to attempts to decide 
ivhethcj learning in the nuturc nnimnl is deteimined by the relative 
or hv the absolute propcitics of visual stimulation, and so to infci 

Inch is the more piiinitivc mechanism (Waideii and Rowley^ 1929; 
Pcikin^ and Wheder, 1930) 

'riicrc is thus very little diiect evidence as to the extent of innate 
oiganization in the detail vision of mammals Lashlev and Russell 
(1934) found discrimination of visual depths in lats reaied to matur¬ 
ity in darkness. The clinical material presented by Senden (1932) 
on the vision of congenitally blind patient^, lestoicd to sight aftei 
infancy is such as to make in ter pic tat ion difficult. It establishes the 
fact that there is no recognition of even the simplest visual pattern 
(le, there is no tiansfer from tactual to visual stimulation), but 
that there is, on the other hand, an immediate peiception of ciifteience 
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between visual patterns This would scaicely be possible if tlic fiist 
visual activity were meiclv chaotic; it lequircs the assumption of 
some primitive oigamzation of the field 

^‘Innate organization’* of vision, then, does not nccessaiilv involve 
iccognition of foim, oi the inheritance of conditioned lesponscs The 
hvpothcbis might, pci haps, imply no more than a denial of chaos in 
the fiist sensory activity 

Adult mammalian vision pciceivcs pntteins as coheient wholes 
segregated fiom then surioundings; objects as distinct from theii 
backgiounds m tri-dimensional space, extents and intensities as ida¬ 
tive to one Hiiothei, and pattcins as having foim, an identity inde¬ 
pendent of extent These features of visual peiception constitute its 
organization, 

The theory that scnsoiy oigamzation is a pioduct of conditioning 
implies tliat none of these fcatuics is to be found in vision at the 
first introduction to light Instead, accoiding to tlic theory, thcie is 
only the excitation of a laige number of independently active point? 
Theie follows an indeteiminate iriadiation thioughout the visual 
system, the tiansmisbion of excitation would become directed, accoid- 
mg to the theoiv of conditioning, only by a lepeated accompanjing 
motoi activity That is to say that tu-dimensional visual space, 
figuic-giound lelationships and size oi intensity idationslups must 
be so established; and since the conditioning of one leceptoi gmup 
has no eftect upon neighboiuig receptors, each individual item in a 
senes of intensities, foi example, must he conditioned scpaiatdy be¬ 
fore Its relationship to the lest of the series is perceived. So also 
ivith the peiception of space and of foim 

The alternative nativistic hypothesis, on the other hand, has not 
such definite implications, but assumes that one oi all of these things 
may be functions of the structure oi physiology of the ncivous sys¬ 
tem, independently of cxpeiicnce It is possible that an innate visual 
organization would vaiy at difteient phylogenetic levels With any 
one species therefore, the problem is to deteimine whcthei tlicie is 
an oigamzation of the fiist visual activity, and if so bow feat- 

lues such as the following it displays. 

(1) The perception of the figure-giound iclationship. some func¬ 
tional diftercntiation of part of the letinal excitation (the “figuic”) 
fiom the lest, deteimined peihaps by intensity diftciences, spatial 
distribution, movement, and so on 
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(2) *rhe iveiception directional order in seijes of intensities 

or Aizcs tile leaction to one intensjtv example determined bv iti 
value iclativc to otliei uitcnsitie5> and the aniiiial*s discumniation not 
af a paiticiilar birt of a gra]' brighter or daiker than the je'it 

of the held* 

(3) . 7'iie perception of tii-dimcnsional jeJationsliips (La^hle 5 ^ and 
Russell, 1934). 

(4) , The perception of a common foini in iion-identical patterns 
or objects 

(5) , The inimcdiiUc disciimination of certain foims forms, that 
IS, winch initiate distinctive modes of belmvioi, as is iinpHecl by such 
work as Stone's on the ddequate stimuli to instinctive patterns of be¬ 
havior 

(6) , The easier perception of some fonns than otheis, or tlie 
tendenev of the visual field to fall into one figuie-ground oiganizarion 
rather than anothci 

The cxpenmcius to be lepoited hcic conccin (I) and (4) the 
perception of the figuic., and of its form Albino and hooded Hits 
were reared m total darkness, and tested at niaturitv The experi¬ 
ments were designed to discovci if there was an immediate peiception 
of the figure by these maininals, and some of the factois cleteimiiiing 
rJic pejceptioji, and secondly, to discovei jf the tiansfer pf response 
to non-identical geometrical patterns occurs as it does in noimally 
reared fimm/iJs 

A second papci will lepou an investigation of (3) ^ the tionTcr 
(if response m size and biightness senes. Theie is sufficient evidence 
for the transfer of lesponsc in mature animaU normally i eared m 
light, hut wc have to ask how far this may be a product of visual 
cvprrieticc, of complex learning processes, rather than a fundamental 
propel ty of the activity of the central neivous system 

RrARING 

Albino and hooded lats weie reared to matuiity fiom the age of 
6 to H days in a large ventilated light-tight box, winch was itself 
within a dark room so that all light could be excluded while the box 
was opened At the beginning of the cxpciinacnt panchromatic pJioto- 
graphic plates were used to detect the entry of light into dark room, 
or dark huv. One hourS exposure in the dark room, and 40 minutes" 
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exposine in the dark box with the daik room lighted, failed to pro¬ 
duce any detectable fogging of the exposed half of the plates. 

Feeding and cleaning weic then earned out m complete daikness 
The animals weie fed biead and milk once a day, with meat, lettuce, 
and cod-Iivcr oil once a week Although at niaturitj^ tliere wcic a 
numbei of lathei small animals among the albinos, this appeals to 
have been a fault of the stock from which they weie taken and not 
of the 1 caring in darkness In general the rats were vigorous and 
healthy at the beginning of tiaining, the hooded animals uniformly 
strong and well-developed 

Figure-Ground Organization 

Rcpoits of fiibt visual activity in congenitally blind patients (Sen- 
den, 1932) show that although they cannot describe or identify 
familiar objects or the simplest visual foims, they are quite able to 
peiceive, in spite of a peisistent nystagmus, a difference in the foims 
of two objects piesented togethei, This implies that the objects are 
icen as unified and distinct from the backgiound What deteimines 
the functional discreteness of pait of the fiist letinal activity is a 
question that is quite unanswered. 

The data supplied by the piesent experiments are of two kinds, 
the fiist consisting of incidental observations duiing the pieliininary 
tiaining in the disciimination of size and biightncss (to be reported 
in anothei papei), the second consisting of the results of expeiimciits 
dealing with icsponscs to visual stimulation during the first few min¬ 
utes of visual activity 

A Incidejiial obsejvfitions duung tiaining* 

In planning tlie gcncial foim of these experiments, it was expected 
that much infoimation would be supplied by the bchavioi of the 
animals at then first introduction to light, without setting up special 
conditions of obseivation The animals weie being tiained in visual 
disciiminations bv Lashlej^’s jumping technique, in which the animal 
is taught first to walk fiom jumping to feeding platform along a 
narrow board, and later to make longei and longci steps until he has 
to hop acioss It was thought that observations dining this teaching- 
piocess would be sufficient to guide a furthei experimental study 
of tile fiist perception of figures. 

It was soon evident, however, that iclativciy little could be ob¬ 
tained bv means of these incidental obseivations It is actually doubt- 
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ful if any ditterenccs weie to be obseivcd between the bchnvioi of the 
animnls reared in complete darkness and that of animals leaied in the 
usual conditions of alternating daylight and darkness Both gioups 
wcic evcited oi nervous dining their fiist training periods, the dark 
room animals possiblv more so than the otheis, and in geneial the 
training conditions appealed to be almost as foreign to one gioup as 
to the other Nc\tl\er had ever been out of then cages foi any 
length of time, or lequircd to maintam balance on natiow surfaces 
from which a fall was possible The insecurity of the animars posi¬ 
tion on the jumping plncfoim of Lashlej-^’s jumping stand, and in 
walking acioss to the feeding platform, had the effect of obsciuing 
anv differences in beliavioi that might otherwise have been found 

Both claik lOom and normally icaied animals were at fiist con¬ 
cerned only to cling as tightly as possible to the board on winch they 
weie placed, with no evidence during these fiist minutes of visual 
activity by either group of animals^ 

Aftct walking across fioni one platfoim to the othei some five 
or si\ times tlieic was a change in behavioi, The dark loonri ani¬ 
mals had now a total visual experience of thiee to five minutes, and 
would reach out foi support to anv ncaiby suiface and step acioss 
a gap beyond the icach of their vibnssae Since these neaiby sui- 
faces were constant in position, the icaction was not necessaiily detei- 
luined bv vision, but mav have been a purely tactual and kinaesthetic 
pattern Accuiacv of direction, howcvei, fiom different positions, 
and rapiditv of acquisition, made the behavioi appear less like a com¬ 
plex, learned process than a dnect iespouse to visual picsentations 
Thcie was no differentiation of hoilzontal oi suppoiting fiom vei- 
tical 01 non-suppoiting surfaces; no recognition of ^Sncaning,’’ but 
an imdiscriminating movement toward the nearest suiface The 
vi'^ual activity dctciminlng such a response would be of the most 
l)nniitive kind 

Other evidence of some oiganization in the fiist visual activity 
IS to be found in the perfoimaiice of foin animals whose tiaming was 
begun with apparatus that was latci found to be unsatisfactoi v They 
were trained to jump fiom a small ciicular platfoim on the top of 
a ringstand toward eithci of two open windows in an upright scieeri 
After the first three or four jumps to one window a ‘'position habit” 
developed which was verv difficult to overcome Rotation of the 
platform from which tiiey jumped did not affect the habit; it ap- 
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peaied to be a purely visual piefcicnce, indicating a strongly estab¬ 
lished figuie-ground organization aftei a total visual expenencc of 
possibly 20 minuteSj oi not more than a total thiec oi four minutes 
of tactual and manipulative expeiience of the visual picscntation. 

Again, four others were piesentcd with hoiizontal versus vertical 
striations after having made 30 jumps to an open versus a closed 
window They took somewhat longer to jump, but nevertheless did 
so spontaneously, at the first presentation of these completely new 
patterns The jumps weic cleaily duccted toward tlie centres of the 
unfamiliar cards Under othei circumstances one miglit say that the 
cards toward which the animals looked were conditioned stimuli 
deteimining tJie direction of the jumping, but here the animals had 
liad no expeiience of the diagiams to which they wcie icacting, and 
it must be concluded that the iespouse was determined by the sur¬ 
roundings—by the place of the caids, not by the caids themselves 
Tins appears to be the functioning of the figuie-giound relationship 
in a tii-dimensional pattern, Further, the diagrams themselves ap^ 
peared to be organized for some of the animals at this first presenta¬ 
tion. one rat made one enor only in the fiist 10 trials, while another 
made 8 eriois in 10 trials, definitely prefeirmg the vcitical striations 
in spite of irregular alteination of the two cards and repeated failure 
to find food, 

Such incidental obseivations, liowever, can at most establish that 
there is the figure-ground relationship in the first visual activity 
Further experiments were necessary to obtain anv infoimation as to 
how tlie relationship is established, or how it functions 

B Expei imenis dm tug the fitst minutes of ’ohtoti 

Two methods of study weie available: fiist, observation of be¬ 
havior in circumstances designed to reveal selective icsponscs to parts 
of the visual field, and secondly, the use of foimal tiamiiig in visual 
discrimination Each method has definite disadvantages. The ob¬ 
servation of behavior m a free field permits lew repetitions, since 
It IS impossible to know when learning begins to have an effect, with 
training, on the other hand, the animal is being tested aftei his first 
visual experience, and the training must therefore be made as short 
as possible 

In spite of these disadvantages of method, it was thought worth 
while to observe the behavior of the lat in controlled conditions dur- 
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in^ the first feu moments of his visual c\pciience These expen- 
merits weie incidental to the study of transfer of iespouse with geo¬ 
metrical figLiics (rcpoited below), they were not a systematic in- 
vcstiy:ation, hut latlier a snivel intended to reveal any stiiking fea¬ 
ture of the bcIla^ ior The incidental observations alicady icported had 
failed to suKKcst definite methods of investigation, and it was felt 
that the 28 animals available could bcttei be used in such a survey 
than in a single expciinient which might oi might not aftoid con¬ 
clusive results. The animals weie theiefoie divided into 4 gioups 
of 7 each; with these it was found possible, planning the latei expeii- 
ments of the sciics on the basis of the losults obtained in earlier ones, 
to obtain infoimation upon tliice questions: (1) Has the rat an}'^ 
innate preference fot black as against uhite^ (2) Will he respond 
selcctivdv, at the fiibt introduction to light, to a djffeicntinted region 
within a uniform giouiul ^ (3) Will liis fiist visually conditioned 

rc'poiis^* be disturbed by a icvcisal of biightness gradient between 
the object and the ficid, that is, is a white obicct in a black ficl<f 
functionallv equivalent to a black object in a white field ^ 

Expenmeni 7, Block-zohue pteference 

Method. Tlie animal was mtiodiiced to light in the centre of 
a free field enclosed by a bairiei half white, half black, and per¬ 
mitted to move in the field until he reached some pait of the bainer 
A record was made of the segment of the baiuci reached bv the 
animal—that is, uhetiiei he chose white or black 

TABLE 1 


Numder. or Animus Ciioosino Biack or White in 2 Trials at the First 
Introduction to Lioht 


1st trial, 

black white 2ncl trial: 

black white 

total; 

black white 


6 1 

4 


10 2 


‘Choices of fi\ e noiinnls given only in the second test, one not tested, one 
choosing ncitiicr biack nor white 


The barrier was half of black, half af a liglit-giay cardboaid 11 
inches high, making a circuiai cnclosuie of 44 inch diameter on a 
waxed bJack circular tabic. The sole source of light was a 15-watt 
lamp hung 10 inches above the centre of the table. The table could 
be rotated, interchanging black and white 

The seven animals were first tested without changing the posi- 
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tions of black and white, the table was then lotated thiough 180 
dcgiccs, and the animiils le-teste cl 

Results The Jesuits aie presented in Table 1. It will be seen 
that in both tiials one animal only chose white Since the rats were 
not numbered, the expeiimcntei could not know if this one was 
the same on each tnal By an erioi one animal was not given the 
second test Also, on the second test one animal chose neither black 
noi white but the dividing line between them, and is not included 
in the tabic The lUimbeL of aiiiiiials reported on the Hist test, tlieie^ 
fore, IS seven, on the second five. 

Similar tests with («) a 20-dcgiee ‘segment of white in an other¬ 
wise black bainei, (Z^) a similai black segment in a white hauler and 
(c) a black box, subtending an angle of 30 degiees at the centre 
of the table, against a white baiiier, gave less conclusive jcsults, but 
again showed a slight pieference foi black A second gioup of ani¬ 
mals, exposed to light foi the fiist time, weie used, and weie given 
one uin with each of the white and black segments, and two runs 
with the black box The results were («■) No animal chose the 
white segment; {b) 2 of 7 animals chose the black segment, and 
m each of these tests the probability that one run wiU he to the 
differentiated segment is 1/18 (t) Three of 14 runs were to the 

black box against the white baniei; chance, 1/12, oi about one con¬ 
tact in 14 luns. The choices of black in these tests aie more fiequcnt 
than chance, though not significantly so; but taken ivitli the total 
of 10 choices of black in 12 trials on the fiist te^t makes a prcfeience 
foi black, in the expeumental conditions described, statistically prob¬ 
able One may at least conclude that theic was no prcfeicnce foi 
white, This conclusion is impoitant for the intcipretation of Experi¬ 
ment 2b (below), in which a prcfeience was found for a more com¬ 
plex pattern of black and white, as against a black background. 

EcKpeinneiit 2r/. luve^tigatiou of a 

This and the following expciiment (2h) suffered paiticulaily 
fiom the disadvantages of method alieadv mentioned. No training 
could be used, since the puipose was to discovci if the visual piesen- 
tation is organized at the moment of fiist stimulation In the ob- 
seivation of behavior it was vciv difficult to detcimine the point at 
which the behavioi began to be affected bv cxpeiiencc 

Method The expeiiment sought to discover if the animal, put 
ill an uncomfortable position, would in his attempts to escape orient 
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himself towaid a distinctively maiked object, or attempt to leach 
it, Foi this puiposc the lat was placed on a small ciicular platfoim 
at r)»e top of a liog^tand, the platform was 3 inches in diameter, 
small enough to make the rat feel insecuie To pievent his attempting 
to slide down the upright upon which tlie platform was placed, a 
tubular hood of black velveteen was attached all lound the edge of 
tlic circular platform, and extended downward enclosing the upright 
for a distance of 5 inches 

The second platfoim, placed just beyond vibrissae reach, sub¬ 
tended an angle of 60 degrees, and was distinctively marked by the 
ndditian of a 6-inch square of black caidboaid to which was gummed 
a white ring of inner diameter 2 inches, outer diameter 4 inches. The 
background was a screen of black cotton, using fiom the floor to a 
pomt 10 inches above the animnl, foiming a squaie endosinc 3x3 
feet 

Seven animals, alicady tested in Experiment 1, were used The 
fact that thebc rinimals had alieady been visually stimulated mav have 
been responsible for tlie negative results obtained This is improb¬ 
able, howeyci, since the two situations wcie so dissimilar. 

Each animal was tested once only, but with different animals the 
direction of the second or "goal’* platform was vaiied in thiee posi¬ 
tions—East, Nortli, and West from the animal. An electnc fan 
directed a current of an over the animal fiom the South, so that it 
was improbable that any odoi of the second platform could reach 
liiin The noise of the fan also constituted a "sound screen” helping 
to minimi/e the effects of extraneous noise. 

Light was provided by a 15-w'att lamp hung 10 inches above the 
animal, anti screened to cast light only within the enclosure The 
animal was taken from his cage in complete daikness and placed on 
the small stand. The light was turned on for a period of 180 to 
205 seconds, and the time recorded (by means of a stop watch) which 
the animal spent oiicntcd towaid the goal platfoim 

Resrtlti The results were negative; appioximately a chance 
piopoition of the total time was spent facing the goal platfoim A 
total time of 1310 seconds was spent by seven animals on the stand, 
of this time 175 seconds was spent oriented toward the goal platform. 
This is approximately 1/7, or a little less than the 1/6 called for by 
chance 

Tlie range of the times spent bv individual rats facing the goal 
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pKitfoim was from 10 to 45 seconds, the aveiage 25 seconds The 
behavior did not suggest any selective response to the goal platfoinij 
to the noise of the clcctnc fan, or in any othei direction There was 
no attempt to climb off the platform upon which they weie placed, 
but only a rather constant change in diiection of orientation 

Experiment 2b InvesUffaiton of afiguie 

Aletliod A second experiment with the same puiposc was set 
up, using this time the open field method The goal platform differ¬ 
entiated by a white ring oti a black ground, alicady dcsciibed, was set 
at the edge of a black waxed circular tabic of diameter 48 inches, Be¬ 
side tins was placed a white object about 2 inches squaic swinging 
slowly through a 10 to 12 inch aic one inch above the level of tlie 
table A iS^watt lamp 12 inches above the centre of the tabic lighted 
figuic and tabic cleaily, and left the backgioiind daik. 

Seven animals were intioduced to light for tlic fiist time, Each 
was given two tests; in the fiist the figure was at the East side of 
the table, in tlie second at the West side An electric fan, South, di¬ 
rected a current of air acioss the table to eliminate olfactoiv ciicb 
from the figures or the experimenter 

The rat was icniovcd fiom his cage in complete daikncss and 
placed in the centre of the tabic, oiiented at light angles to the direc¬ 
tion of the figures The light was turned on and left until the animal 
had moved tiom the starting position to the edge of the table, when 
the light was again turned off and the animal returned to a cage in 
the dailc box When the daik box had been closed, a record was made 
of the approximate movements of the animal, and of the part of the 
tablets cncumfeience at which he had ai rived—that is, if he chose 
the figure or rejected it The figuic subtended at the centre of the 
table an angle of approximately 60 degrees, or 1/6 of the circumfei- 
ence, so that chance selection would mean that two of the 14 runs 
would be to the figuic 

The animalb had been nuinbeied befoie tlie expciiinent, and could 
thus be identified in the second trial 

Results, One animal did not move in cithei trial, but remained 
motionless in the centie of the table for moie than 3 minutes, after 
which the test was discontinued One animal ran away from the 
figure botli times, the remaining five selected it in both runs The 
time foi each run ranged from 5 to 20 seconds 
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Such a clcgice of consistency in bchavioi sug^^ested that the pobi- 
tion of the experimenter might have influenced the runs Repetition 
of the experiment, AMth a group of animals used m Experiment 1, 
gave these results. 1st run, 4 of 7 to the figurej 2nd riuii no choice of 
tiic fi|rure. This total of 4 in 14 luns is highei than chance, though 
not si'gnificantlv; and the difteicnce, as compared Avith the first group’s 
pelfoiinancc, may be discounted, owing to the fact that tbe animals 
of the second gioup (those with a total of 4 choices of the figuie) had 
alieadv been used m an open field cxpeiinicnt Then peiformance on 
tlie first run, with 4 of 7 to the figure, contrasts sliaiply vVJth that on 
the '^ccond uiiif with none choosing the figtiic. 

Taken togcthci, the peiformances of the two gioups give evidence 
of a preference for the differentiated legion of the figure. 

I^jscnss/ 07 t The question as to wliethci this picfcicnce in¬ 
dicates a perception of the “figuic” as such, as unified and distinct 
from us siirioundings, is difHcult to answer- Sevcial points here 
deserve coinment The lighting of the table was so imanged that 
tbe bnckground, though not homogeneous, was much darkei than the 
ficuio itself. The figuic was composed of two parts, (/?) a moving 
white object, and (b) a white ung on a black surface. It was clear, 
in ohsciving the animals* behavior, that thcie was no tendency to 
select either part of the figuicj the runs were most frequently near 
the centre of the figure, lather than to moving or stationaiy object 
Tlici e was no evidence then of the peiception of two objects or figuies 

It ‘;ceins veiv impiobnblc that the legion in which the complex 
ligurc was couM have been chosen because of the elements composing 
It The region was differentiated fiom the backgjound in that (a) 
It contained white aieas, which bad (b) stcepei intensity giadients 
between black and white than other intensity giadiciits of the lest of 
the field, (c) one of the white areas was m motion and finally (d) 
tbe objects composing the figure weic distinct tu-dimcnsionally fiom 
tbeir surroundings The last of these, (^/), need scaicely be con¬ 
sidered, since It IS impiabablc that the diffeience m visual depth would 
be effective before the objects are seen as unified, if they are so per¬ 
ceived, the figure-gioiind relationship is organized. It is also unlikely 
that either (a) oi (b)y white areas with steep intensity gradients be¬ 
tween bUck and white, determined the preference of the rats foi the 
figure since both factors were picsent and ineffective m the black- 
white preference tests of Expeiinient 1, In that experiment, theie 
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was evidence of a piefeieiicc foi a laige oi small black segment, but 
none for a white segment, of an encircling baiiier (c) The motion 
of one part of the figuic inJiy be dismissed as an independently de¬ 
cisive factoi because in the behavioi of the animals theie was no in¬ 
dication of a prefcience foi the region in which the motion occuned 

Such leasonmg points definitely away fiom the constituent paits of 
the piefcrrcd figuie, and toward its piopeities as a whole in the de~ 
tcimination ot the piefeience It is not dear that this means the 
pciccption of a unified figure, although the figuic as a whole appeals 
to have been pciccivcd as something othci than an aggicgatioii of the 
constituent elements This peiception, since it occuis in the fiist 30 
or 40 seconds of visual expciicncc, is independent of anj" condition¬ 
ing process, i e*, is umatelv detei mined 

Pli 5 ^siologicall 5 r, the functioning ot the visual sj'stcm must be such 
that the activity aiouscd by pait of the field (the “figuic”) is scgie- 
gated in some way tiom othci activity in the system The factors 
involved aie obscuie Rubiids woik (1921) has shown the exist' 
cncc of phenomena which are difficult to bung into relation with 
physiological events, especially since it is not known at what ncuial 
levels the piocesscs occur The most lelcvaiit pli 5 'siological material 
IS that obtained fiom the study of visual defects resulting horn head 
wounds (Kluver, 1927), and partrculaily Poppeli eater’s (1923) 
analysis of the various levels of visual organization m these patients 
There is no evident ielation, howevci, between th/s kind of detec¬ 
tive vision and the vision of congenitally blind patients restored to 
s/ght (Senden, 1932) 

Expe> ntient 3 Fuucfioiwl eqnwaleiu e of black nad whtip 

A'letliod Seven animals which had had no visual cxpciience 
wcie fust tiained, m complete daikncss, to find and cioss to a plat- 
foim at a distance of S inches, they were then given the same piob- 
Icm in light During this tiaining the goal platfoim was white, the 
backgiound unifounly black, when the rat had learned to find the 
second platform by means of visual cues, he was given a black plat- 
foim with a white backgiound, to discover if his response would be 
disturbed by the reversal of the brightness gradient between figure 
and ground 

The starting platfoiin was ciicular, of 3-inch diameter, and black 
The goal platfoim duung training wis of unpainted white pine, 
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Upon "which was placeJ a white food dish The background during 
training was a black cotton screen using from the floor to a point 
10 inches above the animal, making «i square cndosuic 3x3 feet In 
tlic test, tile goal platform was pnintctl a flat black, and had no food 
or food dish upon it The backgiound in the test was a light-colored 
wrapping napci 

Light was supplied bv n lamp 30 inches above tlie lat and 

shaded to cast light within the sqiiaic enclosure only 

Dining the preliininaiv training in daikness, the goal platform 
was a distance of 5 inches Thioughout tiaiiiing and testing it was 
varied m three directions, East, North, and West from the staiting 
platform, An electric fan, South, pievcntcd oliactoiv cues At tins 
distance the animals could readily find and cioss to the second plat- 
foim in complete darkness 

In the first clay’s training with light it was found necessary not to 
iiiLrcase the distance of the goal platfoim, as had been planned Thiee 
trials only were given On the second and succeeding days six tiials 
weie given, with the goal pJattorin at a distance of 6 inches. At this 
distance the lat could find it with his vibiissac only by making a 
definite eflfoit in the right direction. 

On the fourth day, although some animals had not completely 
learned to use visual cues only, the test was given: the 's\hite goal 
platform leplaced by a black platform without food disli, and the 
black surrounding screen replaced by a similailj arranged white one 

An error in both tiaining and test trials was defined as any stietch¬ 
ing out, as if to cross to the goal, in a wrong direction This was not 
a clcar-cut criterion, so that much doubtful bchavioi had to be 
scored as errors The error score is thciefore probably higher than 
It sliould have been 

JiesiiUs, The lesults me presented in Table 2 The tabic in¬ 
cludes an estimate of the maxiinuni visual expeiience involved in each 
of the three training periods’ 6, 6 and 3 minutes respectively Rat 
and cxpciimentci were both in complete daikncss except in the actual 
choice peiiods, and a moic exact time record would have added undue 
complications to the cxpciimcntal procedure The estimates are foi 
the slowest rat each dav, and like the crioi scores are probably higher 
than the reality It is improbable that any except one animal, No 5, 
had a total visual experience of more than 8 minutes bcfoie the 
test. 
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R 07 Errors MiAdf i?v 7 RrARio itt Darkness, in Lcarning to 

CP TO A WniTii Pi ATFOkM AMU TfSTLD WtfH A BlACK PlAITORM 


1st day 
(3 tri.ils, 

5 in in max*rii) 

2nd day 
(6 trials, 

5 mm inax’ni) 

3rd day 
(6 trials, 

3 min max^ri) 

Test 
(6 ti ials) 

3 

+ 

1 

0 

3 

5 

2 

4 

3 

+ 

0 

0 

3 

1 

0 

0 

3 

2 

2 

4 

2 

0 

2 

1 

2 

3 

1 

3 

19 eriois 

19 eri 01 s 

8 ei 1 ors 

12 errors 

21 tiials 

4-2 trials 

42 trials 

42 trials 


c numbei of ciiois mndc on the fiist dav, n total of 19 in 21 
means a total failuie of the animals to use the visvial prcsenta- 
a the scaicli for the ^oal platfoim The^'^ had been trained in 
css to step across a ^j;ap to food, if, as is suggested by E^peiimcnt 
icrc IS an immediate pciccption of the figuie as such, one might 
expected the rat when fiist given visual cues to invcstEgate the 
diffei entinted pait of the visual field, and thcrefoie to make 
iiors Hut although the ciioi score may be too high, the ex- 
entei saw no suggestion of a selective lesponsc to the goal 
rm, 

c rapid learning, however, shown in the dccicasc of total ciiois, 
19 m 21 trials to 8 in +2 tiials, suggests that the failuie of the 
Tiinative lesponse was not due to a lack of visual perception, but 
ack of relationship, for the lat, between visual pciccption and 
aicb foi food. 

e test scoies show that Nos 1, 3 and + made no ciiors in the 
il trials. The bchavioi of these tlircc was clcaicut they ciosscd 
itlv, Without investigatoi)' activity, and showed no disturbance 
e change of brightness relations between figuic and ground 
) made one error only , if this one is included^ + of 7 animals 
erred then responses to the new conditions 
jhould also be noted that one animal, No 5, aftei lepeated eriors 
ining, failed to find the go*d in the fust test tiial, and had to be 
d to it 

Dtscusuoii The conclusion fiom Expciinient 2b, that the 
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figurcwground oiirani/jition is to he found in the first visUrtl activitv, 
IS further supported bj' the rapid learning in Experiment ] If t)ie 
organization wcie the result of a learning process, one would scaicely 
expect it to occui in a vibiial cxpciieiice of eight minutes oi less, with 
onl} II presentatto/is. The experiment shows, furthej, cvjdence 
that the determination of the response was something of the nature 
of the figuic^giound rclntionslup lathei than any specific stimulus 
The condition mg was not me i civ a conditioning to a focus of retinal 
excitation; foi in the cntical trials, the icsponse conditioned to a 
white (stinuilatiiig) object is evoked bv a black (^lelativelv non- 
stiniulating) object A stiniukis-rcsponse foimula might < on elate 
the response conditioned in tiaming to the ictinal excitation caused 
by the white figiiie, But when all the letina is excited except a le- 
gion similar to the foimerlv excited one, the tespouse iS deie) nuued 
hy the small uuexcilefl iegtou, not bj the pait ot the ictina wliicli is 
now excited 

It inav be concluded that the response was dctcimined not bv a 
specific retinal excitation, but by a diffeientiation between a region of 
excitation and the sunounding, less excited, retinal field, for sub¬ 
sequently the response was evoked by the same region wlicn less ex¬ 
cited tlian tlie sin rounding fields 

Siimnuny, To siimmaii/c the icsults of the expciiments with the 
first moments of visual activity The choice of a complex hlaclc 
and white figure, against a black ground (Exp. 2), in spite of a pief- 
erence for black as against white (Exp 1), the immediate learning 
to respond to 'white against black and the subsequent spontaneous 
transfer of response to black against white, are conipichcnsible on 
the assumption that tlic fiist visual perception is of an object differ¬ 
entiated fioin Its backgiound, but aic with some difficulty accounted 
for by the tlicoiv of scnsoi) oiganization through conditioning. 

Discrimination or Gloailirical Pattlrns 

At the prc'^cnt stage of development of psychological tlieory, one 
of the principal pioblcnis presented bv the discrimination of patterns 
licb in the fact that a discrimination established between two speci¬ 
fic piittcrns 'W'lll he iinnicdiatcly extended to certain other pairs of 
patterns As with the figure-ground organization, it is of great inter¬ 
est to know what part is plavcd by experience in this tiansfer of re- 
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sponse Lashley (1934) has pointed out that the lesponse of the 
matuie animal is apparently not to the precise pattern of receptor 
cells stimulated but to a property of the pattern that may be called its 
form, and has in unpublished expemnents made an extensive study of 
tlie rat’s tiansfer of response m the visual disci imination of geomet¬ 
rical patterns The problem of the present experiments was to detei- 
mine if previous visual expenence is necessaiv to the transfer, in other 
words, to determine whethei the behavioi, in tiansfer situations, 
of the rat reaied in daikness is like that of the lat rioimallj'^ icaiecl 
in light 

Method and Appauiius* Eighteen animals winch had been reared 
in daikness, as already described, weie trained m pattern disciimina- 
tions bv the jumping technique devised by Lasbley and described in 
detail by Gdliksen (1932) (A) Fouiteen of these animals weie 

trained in a fully lighted room, bcfoie tiaining they were brought 
from the dark room and allowed to become light-adapted m deep 
narrow boxes open only at the top, and painted a flat black. When 
the training period was ovei they were retuined to the dark loom 
until tlie following day (B) The remaining foui animals were 
trained in tlie dark loom They weie placed upon the jumping plat¬ 
form in complete daikness The light was turned on until the lat 
jumped, and tuined off while he ate, oi in case of an eiror, while he 
was being retuined to the jumping platfoim Thus this gioup, as a 
check upon the performances of the animals tiained in full lighting, 
weie exposed to light only while they weic on the jumping platform 
and had no opportunity to explore a visually presented environment. 

{A), The jumping stand used in full lighting was a slight modi¬ 
fication of that used by Lashley It had a wooden instead of a glass 
top, was lined ovei the top and sides with black vclvcteeji, and light¬ 
ed from inside by two 7j4-watt lamps one on eithci side of tlie 
jumping platform. The feeding platform was enclosed by 6-inch 
walls, upon which the rat was not peinutted to climb, and which 
prevented him from seeing the surrounding room 

{B), The jumping stand used in the daik room had a glass top 
which extended far enough in each direction that the rat could not, 
by standing up, reach its edge No othei suiface was near enough 
to be touched by the rat while he was on the jumping platform. The 
platform itself was circular, of 3-inch diameter, which is small enough 
to make it difficult foi the lat to see the surface upon which he is 
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placed. A black velveteen hood was attached round the edge of the 
platfoim and extended do^\nwaid five inches concealing the upright 
to winch the platfoim was fastened The top of the platfoim was 
covered with black velveteen; tins, with the hood concealing tlie up- 
rightj made a virtuallv honiogencous surface, TBccause of the small¬ 
ness of the platform, the visible edges of this surface foi the rat would 
he alwa\N hehinc? and hclow liiiii and difficult to exploie TJie 

actual edge of the pLitforni, upon which his foiefeet rested, would be 
because of the continiiitv of velveteen coveiing and hood not visually 
distinct for the rat. The lighting of this appaiatus was fioin a 15- 
watt lamp placed behind and above tlic anirnal The position taken 
by the lat picparatoiy to jumping was sufficient warning to enable the 
cxpeiimentcr to switch oft the light bcfoie the rat landed on the 
feeding platfoim 

In the usual tiaining proceduie, which \vas followed with those 
animals (/V) tinincd in full lighting, the rat is peimittcd to walk 
acioss a boa id laid fiom jumping to feeding platforms, and then made 
to step across longer and longer gaps In these piclimmary steps, the 
animal obtains an extensive experience with both visual and tactual 
aspects of the objects and sui faces about him For the animals to be 
trained in the dark loom (/?), such extensive visual experience was to 
be avoided, and it was found possible aftei some initial difficulties 
to train the animals to jump in complete darkness Their visual 
experience tlierefojc began after tliev had become accustomed to the 
jumping stand, and then first jumps m the light were made to white 
(positive) and black (negative) caids. 

The training of Group B, thcrcfoic, is a control of incidental learn- 
ing of “form^’ duiing the training peiiod, and the pcifoimancc of this 
group, which had no opportunity foi simultaneous tactile and visual 
exploration of surfaces, is to be compared with the performances of 
the group trained in full lighting 

Attempts to contiol othci factois which might account for dis¬ 
ci/mniation of patterns arc to he found in the patterns which were 
used, and in the training and test sequences When both gioups had 
learned a black-white disciimiiiatioii, they were trained to discriminate 
horizontal from veitical striations (/i. Figure 1) of J^-mch width 
They were then tested with vaiious conibinatioiis of the liorizontai- 
veitical diagrams {B, C, D, A') of Figmc 1 When the cnterion 
of learning, 20 couect eirorlcss tuals, was attained, the animal was 
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FIGURE I 

The difigrams are leprodiictions to scale of 5x5 inch stimulus cards used 
in training and testing the animals reared m darkness The stnatlons, 
were used in training, the horizontal positive, the vertical negative The 
solid triangles, F, were also used in tiaining, the upright positive, the 
inverted negative. The other pairs of diagrams were used in tests for 
transfer, the numbers I and 2 distinguish the individual caids in Tables 
3, 4 and 5 


immediately given 10 test tiials, on the next clay, 10 ret mining tiials 
with the training stimuli (Diagram //), and a second 10 test trials, 
making a total of 20 test tiials in which a choice of eithei of the test 
stimuli was rewarded. 

Diagiams D and E weic designed to test the possibdity that trans- 
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fcr, in hoii/^ontal-vertical chscriminateons, might be explained by eye- 
movcmciU*^ and the following of visual contouis. With Diagiam E 
tlierc IS no possibility of disci i mi nation by cither a following of con¬ 
tours <)i peiception of vcitical elements, with Diagram D, the hon- 
/.ontal mass of D 1 has actuallv three times as much veitical as hou- 
/ontcil contoui, and vice versa for D 2 Diagiams B and C involve 
some test of the impoitancc of identical elements in tiansfer The 
single Stripes of B 1 and B 2 are identical with the individual stiia- 
tions of tlie training cauls, A ; the icctanglcs of G 1 Jmd C 2, howevei, 
arc t^^iVc this width, and the hoiizontal rectangle, theiefore, has al¬ 
most as many elements identical with the caid bcaiing veitical stna- 
tions as that hcaiing the hoii/ontal {A 1 and A 2). A test of tians- 
fci fioni A to G, tliough not conclusive, is to some extent a test of 
inipoi tance of idcnticnl clciiients, 

FolloAvmg these tests, the animals wcie Uaincd to disciimmate 
the erect and inverted tiianglcs of Dmgiam L\ and tested with the 
outlines of similar triangles (G) and triangles circumsciibed by cir¬ 
cles (//) The details of tiaming and tests follow’ 

(1) The group trained in the dailc room wcie trained with stiia- 
tiQiis (/i)> tested with icctangles (C), and composite icctangles 
(D); trained with solid ti langles (F), tested with outlines of tii- 
anglcs (G) and ciicumscnbcd triangles {H) (Table 3). 

TABLE 3 

iRAitJiMf, AND Ttsr Records oi 4 Animals Rearpd in Darkness and Trained 
WITH Lighting Control 

The letters. to If refer to llie diagrams of Figure 1 W, trials to learn 
slriadons, L'l, C2, DI, /J2, number of responses to eacli of 4 diagiams in 
2 transfer lests, T, truls to learn solid triangles, Gl, G2, Il\, //2, niiinber 
of responses to cacli of 4 diagrams in 2 transfer tests 


Rat 

No 

A 

Cl 

C2 

D1 

D2 

F 

Gl 

G2 

Til 

112 

8 

DIO 

11 

9 

10 

10 






9 

no 

34 

6 


16 

90 


1 

11 

9 

11 

190 

36 

■3 

10 

10 

90 

3S 

2 

7.? 

2 

12 

90 

37 

3 

1 

r 

J6 

70 

20 

0 

16 

4 


(2). Half the gioiip trained in full lighting weie tiained with 
stnations (/i), tCbted with rectangles (G), and were then trained 
with the same diagrams, the horizontal rectangle positive They 
were then further tested with composite icctangles (D) and with 
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hoirzontal and vertical pairi* of cndcs Lastly they weic tiained 

with solid triangles (F) and tested with outlines (G) and ciicum- 
<'Cribed tiiangles (H) (Table 4) 

TABLE + 

Training and Tesf Records of Seven Animais Reared in Darkness \''d 

I'RAINED WITHOUT LjCHflNG CONTROL 
Ihe letteis A to // refer to Figure 1 trials to learn strialions, Cl, 
number of i espouses to each of 2 dingi nms in transtci lest, C, tiials to Irarn 
rectangles, Dl, D2, /jl, T2, number of responses to each of 4 diagr.ims 
111 2 transfer tests, F, trials to learn solid triangles; Cl, G2^ //I, //2, num¬ 
ber of responses to each of 4 diagrams in 2 transfer tests, 


Rat 

No 

A 

Cl C2 

C 

Dl D2 El E2 

F 

Ol 

G2 

HI H2 

1 

90 

75 5 

60 

12 8 14 6 

130 

20 

0 

11 

9 

2 

100 

11 9 

30 

IS 2 1$ 7 

130 

IS 

2 

14 

6 

3 

160 

11 9 

SO 

17 3 11 9 

100 

14 

6 

10 

10 

4 

160 

12 8 

30 

10 10 17 3 

130 

10 

10 

10 

10 

5 

JSO 

9 11 








6 

40 

U 9 

40 

20 0 

70 

19 

1 

18 

2 

7 

no 

14 6 

50 

10 10 9 1' 






^No 7 had 10 trials only with diagrams Fl and £2 





(3) 

The 

second 

half 

of the animals 

ti allied 

in 

light wcie 

trained with stiiations {A)^ tested with single hoiizontal and veiti- 

cai stiiations (5), w 

ith composite jcctangles (D) 

and with hoii- 

zontal and vcitical pans of 

Glides (£) (Table 5). 









TABLE 5 






Training and 

Test Records 

OF Seven Animais Reared 

IN 

Darkness 

AND 



Trained without Lighting Confroi 





The letters A 

to £ lefer to Figure 1 A, liials 

to learn 

striations, Bl 

> B2, 

Dl, D2, 

£1, £2, number of responses lo each of 6 diagrams in 3 transfci 

tests 

Rat 










No 


A 


m B2 

Dl D2 



El 

E2 

13 


130 


9 11 

10 10 





14 


90 


17 ? 

14 6 



13 

7 

15 


170 


IS 2 

10 10 





16 


70 


20 0 

10 10 



10 

10 

17 


100 


14 6 

10 10 



10 

10 

IS 


90 


JS 2 

11 9 



10 

10 

19 


60 


IS 2 

10 10 



10 

10 


Results and Distusswtu Tables 3, 4 and 5 present the results of 
the tests In each the individual tests, distinguished by tlie lettcis 
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of Fi^^iirc 1, arc ^ivcn ui the oidej in wliich tliev were piesentcd to 
the Foi each pair of diagrams, the numhei of choices of 

each single diagram is given, the left (in Figuie 1) fust 

Assuming that 15 choices of one pattern in 20 test trials is suffi* 
ciently above chance to be significant, it \viU be seen that all signifi^ 
cant scoics for each group *iic in the same duectlon i c , indicate a 
prcfeicncc foi the same diagiam In siimmani^ing the tahulai 
material for discussion, this tiend will be regarded as showing tians- 
fet of response to the preferred diagram 

(1) . The group trained in the dark room tiansferied to the 
plain hoiizontal rcUangle {C 1), to the composite veiticnl lectangle 
(ZJ 2), with triangles, to tlic outline (O 1) and to the circumscribed 
triangle {H 1) (Table 3). 

(2) . The first gioup trained in full lighting tiansferied to the 
plain horizontal icctanglc (C 1), and then, aftci further training with 
these diagrams (C 1 and C 2), to the composite hoiizontal rectangle 
(D I) and the horizontal pan of ciicles (A 1)> with tiiangles, to 
the outline (G 1) and the circumsciibod tiiangle (H 1) (Table 4) 

(3) The second group tiaincd in full lighting transfeiied to the 
horizontal stripe {H 1), but to neither composite rectangles (D) 
nor to pairs of ciicles (A), although with both the onl}^ deviations 
fioni a completely chance score arc towaid the hoiizontal mass (D 1 
or h 1) (Table 5), 

The significance of these data mar be discussed in the light of three 
possible explanations of the pattern discrimination: (/i) discrimina¬ 
tion of visual foim is established by the simultaneous tactual and 
visual investigation of objects, (fl) it is determined by proprioception 
fiom eve-movements in following the contouis of the patterns, and 
(fi) It IN cletcimined by identical elements in the patteins 

/( Tactual expeJtence of visual piescniation The performance 
of tlic animals named In the daik room, with no opportunity for 
simultaneous tactual and visual exploiation of objects, does not differ 
greatly iioiw that of the gioups tiained in full lighting, as far as the 
test sequoriceb nic comparable Then tiansfer to outlines of triangles 
and cm iiniscribcd triangles (Table 3) is rather more consistent than 
that of the other group (Table 4), though this is probably a chance 
variation, since thcie is no leason why thih group should do better 
That they did no worse, howevei, is important j ic may be concluded 
that no incidental learning, or incidental visual expenence of other 
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than the tiaming caids, is the basis of the tiansfeiied lesponscs If 
It were, the animals tiained with a drastic limitation of visual cxpen- 
crtce should, if thev show transfer at all, show it to a less extent than 
those trained in full lighting 

B Eye-wovemenis and visual contonis It may be seen from 
Table 4 that animals tiained with striations (A) and plain lect- 
anglcs (C) transfeiicd to the horizontal mass {D 1), with the 
composite lectangles, lather than to the horizontal contouis of the 
vertical mass (D 2), with the hoirzontal and vcitical pans of cii- 
clcs, the honzontal pan {K 1) was prcfeircd, although theie was no 
question of eithei honzontal or vertical contour 

The animals trained in the daik room, howevci, tiansfcncd to the 
honzontal elements of the vertical mass {D 2) with the composite 
icctangles The explanation is piobahly to be found in the difteient 
preliminary tiaming The animals which tiansfeiied to the horizon¬ 
tal mass (D 1, Table 4) had been trained with the plain lectangles 
(G), before being tested with the composite rectangles (Z)) ; those 
trained in the dailc room had not This interpictation is supported 
by the data of Table 5 These animals, like those named m the dark 
loom, did not have the interpolated training with rectangles and 
showed no significant transfer to the composite rectangles, 

C Idenitcal elemenis in transjei If the transfer to the composite 
rectangles (D) is due to the interpolated training with plain rr.ct- 
angulars (C), an obvious explanation suggests itself, that the trans¬ 
fer occiiis when there aie identical elements in tiaming and test 
diagrams Tins would account for the transfei with triangles as 
well as much of the horizontal-vertical disciimination. 

Opposed to this explanation, however, is the tiansfcr from stna- 
tions {A) to plain rectangles (C) (Tables 3 and 4) The number 
of identical elements between honzontal rectangle and vertical stria¬ 
tions ivould vaiy with diifeient fixation points, but in any case irould 
not be greatly less than the numbci of identical elements in honzontal 
rectangle and honzontal stnations The difficulty for the explana¬ 
tion is that theie aie too many identical elements Again, the data 
of Table 5 show that after tiaming with stiiations alone there aie 
three departures from cJiance scores in tests with composite rectangles 
{D) and with ciiclcs (J5)) ; all three aie toward a picfercnce for the 
honzontal mass, although identical elements would play a ven minor 
jole in the discrimination 
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'^riicre lb not, then, de/initcb^ conclusive evidence that the discrim¬ 
ination IS iiideiienrlcnt of identical elcmentb, but such a conclusion 
seems vciv piobable It is piobablcj that is, that ui the discrimination 
there IS a perception of foini as such 

TThc question of form pieseiits some difhculty If it is innately de¬ 
termined—that IS, if first visual activity Includes the pciception of 
foiiiij as appeals to be established for man since theie is immediate 
disciimination of foim difterences (Senden, 1932 )—we are con- 
fiontcd with the pioblem of its pli5^sioloe:ical detcimination, a piob- 
Icm clo'iely ielated to that of the figuie-g^iouiid idtitionship, already 
discussed If tiic pciccptiori of foim liy lats is a product of experience 
and conditioning it is difficult to see how this could take place in the 
conditions of the picsciit expenment, and particulaily with the group 
trained in the daik loom. The possibility that horizontal and verti¬ 
cal weie disci miniated by proprioception fiom cye-moveincnts has 
alicady been dismisbed. There nppeais to have been, foi the dark 
room group at least, no possibility of any othci svmboUc piocess dis¬ 
tinguishing horizontal tiom veitical masses, or eicct fiom inverted 
triangles Foi the animals in the daik loom, no visible contour could 
be manipulated* there was no simultaneous seeing and touching of 
straight lines, and hence no possibility that the visually horizontal 
would be conditioned to one reflex movement, the visually vertical to 
t'ifiothcr, thus dcstinguishing them. 

It IS not, thcicfoic, established by these cxpeiimciits that there is 
n perception of form in the first visual activity in the rat; but tiie 
results of ihc cxpciimcnts, including that part dealing with the 
Jigiiic-ground lehuionship, make such a conclusion probable and rule 
out the possibility that the organization of visually perceived patterns 
occurs eithei thioiigh a visual following of contouis oi thiougli the 
manipulation of seen objects 

Conclusions 

From the cailicr expeiimcnts of this papci, dealing with the figine- 
ground rel.uumship, and the peiceptions of the fiist few minutes of 
visual activity, it may be concluded that: 

(J) Theie is immediate pciception of a differentiated figuie, 
apart from the peiccption of its elements, 

(2) The icspoiiise to tins is pnnianlv not to an elemental excita¬ 
tion, but to a region of diftcrentiatioii which is indifteiently greater 
or less intense than Hie suiiounding field 
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Fiom the invcstij^atjon of tiansfei of icsponsc with j^coincfcncal 
patterns, it is concluded that 

(3). Transfer of lesponse with the discummation of Kcomctncal 
patterns is not aftected by the leaiing in darkness* or thercattci bv an 
cYtieme limitation of visual expciicnce during tiaining 

4) Tiansfei of response is not due to a following of visual con- 
touis with the eve* nor to the opeiation of any othei symbolic piocess 
established by the manipulation of seen objects 

Duiing the course ot this papci reteience has been made to the ncu- 
lal piocesses undcilvmg the visual peiceptions of the lats, Tlie ni^ 
feiences made have been opposed to the theoiy of sensoiv oiganization 
hy conditioning, but the data ot these expeiimcnts do not justify anv 
detailed infeienccs as to neutial mechanisms. Expeiiments to be le- 
poited in a second papei conceiiimg tiaiisfcr of lesponsc in the dis 
crimination of size and biightness will peimit some discussion of 
undeilymg mechanisms. 

SUMAKRY 

Twenty-eight hooded and albino rats weic rcaicd to matiintv in 
total daikness. Two seiies of expeiinients were caiiicd out, investi¬ 
gating (rt) the oiganization of the visual figurc-giound iclationship 
in the fiist few minutes of visual experience, and (b) tiansfei of ic- 
sponse in the disciimination of geometrical patterns after foiinal 
training with Lashley^s jumping technique 

Open field expeiiments at the time of the animals' first introduc¬ 
tion to light showed (//) evidence of a prcfeience foi the darker half 
of the field, (b) evidence of a piefeience foi a visually difteieiitiated 
legion, and (r) an immediate transfei of iespouse, conditioned to a 
white object against a black field, to a black object against a \vtiitc 
field 

Expeiiments with pattern disciiminatioiis levealecl the same kind 
of tiansfei of iespouse as that found b}^ Lasbley with noimally re.ired 
animals. 

It IS concluded that in the lat the figure-ground oiganization and 
the pciception of identity in such geometiical patterns as tlie solid 
triangle, outline of triangle, and tiiangle circumsci ibcd by a cncle aic 
innately dctcimined Discussion of the implications of the data foi 
neural tlieniy is postponed until a following paper, but it is argued 
that the first conditioning is not to the excitation of anv specific 
rcccptois but to a region of diffcientmtion 
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FACTORS INFLUENCING THE SOCIAL ADJUSTMENT 
OF CHILDREN OF PRESCHOOL AGE-^ 

Vni^vcrsily of Wyommo 


Lillian G Portenier 


During the pieschool penod the cliild ib beginning to be socially 
.ictive He soon learns that certain needs are satisfied best by social 
activities and that liis happiness and well-being are dependent upon 
his ability to understand and adjust to othei people Social adjust¬ 
ment IS not a passive process Its development follows much the 
same progression that is found in all phases of bchavioi Anderson 
(1) says' “The behavioi of the adult towaid peisons has its genesis 
in tl)c beliavior of the child towaid persons’* Behavioi ]\itterns are 
estahlislicd early in life. “It is now geneially recognized*’ writes 
Young (11), “that one’s major cluiacteristics of personality are 
usually determined before one is five yea is old, and some writers say 
as earlv as two or three “ 

While most writers agree that the preschool period is the golden 
age for forming habits of social adjustment, few studies have 
attempted to analyze the factors which influence such adjustment. 
Tilson (10) studied some of the pioblems which aiose m the care 
and tiaining of 225 American born children, (110 boys and 115 girls),, 
ages one to five j^ears leferred to seven habit clinics, whose records 
furnished tJie data for the study Tile problems tieatcd in the clinics 
were pliysical, social, and emotional in nature 

Tlie relation between problems and the chionological and mental 
ages of the childien, the educational training, religion and occupa¬ 
tion of the parents, home rating, and the number of children and 
their age position in the family weie studied Hci findings sJiovv 
that the pioblcin child is found at all ages fioin one to five years, 
at all mental levels, with all types of parents, m all kinds of homes, 
in all sizes of families, and in all age positions in the family Some 
data, however, appeared to be far more significant than otiiers as 
indicating factors associated with maladjustment, eg, disagreement 

^Accepted for publication by Leta S Hollingworth of the Editorial Board, 
and received in the Editorial Office on January II, 1937 
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l>i}tweeji pnjcnts fUiout dibcipjme, fiiction between paiCEitSj nngging 
attitudes toward the child and tendencies to compaie him unfavoia- 
bly witli otherb, inconsistent and lax discipline, bribery and decep¬ 
tion, over-soli tilde, lack of a *'sense of responsibility’* foi tramlng 
the cldld and ‘^tension” between motliei and child 

Ktiwin (5) analyzed the case lecoids from the Pieschool Depait- 
ment of the Institute of Juvenile Research of the Department of 
Tublic ^Vclfarc of the State of Illinois, Tlic major objective of 
hci study was 

To discover n-hot rclntionsJijps, li any, between the 

social behavior of llie cluld from L^vo to ‘teven years of age* 
and various other data that had been recoidcd about the child 
and his cnvironmeiU In order to determine whether certain 
items arc factors affecting the social ndjiistnicnt of a child* 
these possible factors ns found m a group of socially "unadjust¬ 
ed*’ children were compared with siniilnr data na found m a 
group of "ivc/l-ndjusted” children and in an "cm^elected” group 
which served as n further control 

Gioup /J, the problem group,^ consisted of 100 children who 
presented problems of social adjustment m then relationships to 
other children Gioup B, the well-adjusted gioiip, consisted of 50 
children wlio were considered to be well adjusted to other childxen, 
Group C, the unsclectcd group* consisted of 100 uiiselected cases 
fjom the files of the Pieschool Department 
Of the 19 items studied in Kawin’s investigation, the only factors 
which appeared to be significantly related to the social adjustment of 
El young child weic the intelligence of the child, the occupation 
of the father, the lelationship of the father to the child and his 
attitudes toM'^aid the child, and the agreement of the parents in rcgaid 
to child-training 

The studies of Tilson and Kawm winch have been very biiefly 
and inadequately sunimaiizcd afforded the stimulus for the piesent 
study. The majoi objective of this study wae. un attempt to dctci- 
mine some factors that appear to differentiate the socially adjusted 
from tlie socially unadjusted child of pieschool age. The study is 

‘The use of the cxprcision "problem group” or "problem child" may well 
be questioned. As ii^ed throughout this study it rcfeis to children who 
presented difficult problems for their parents and other adults who Were in 
charge of their care and tiaining 
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limuecl in the number of cases with the intent of making it inten¬ 
sive rather than extensive While similai in some icspccts to 
Kawin^s investigation^ no attempt was made to duplicate cither the 
pioblcm or the pioccduic The pioblem is far moxe limited and 
tlic small number of cases docs not justify diawing any general 
conclusions. It has been possible, however, to eliminate some of the 
difficulties encountered by Kawm as a lesult of her larger number 
of cases and the difficulty of secuiing complete and adequate data 
for all subjects The data in the piescnt study also should be 
more uniform and consistent since all the workers learned to know 
each child and his parents intimately and theic was marked con¬ 
tinuity in the group of woikcis, The value of the study lies 
chiefly m compiling the findings with those of other simihi studies 

The subjects used for the investigation were 25 childien langing 
in age from two to five veais when the study was started They 
were enrolled m a Fcdeial Emergency Relief Administiation nmseiy 
school which was conducted with the coopciatioii of the University 
of Wyoming duiing the school year, 1934-1935 The nursery 
school was housed in a suitable six looin cottage which was in good 
condition It bad a large sunny yard with excellent drainage Tlie 
nursery school was supplied with adequate fuinishings nnd play 
equipment The staff consisted of the head teacher who was a 
graduate student in psychology with several years of experience m 
special education, a trained nuisc, a dietitian who w.as a graduate 
of the department of home economics, a clerical woiker, several 
student assistants, and the writer who was the supeivisor of the 
nurseiy school^ 

The childien wcie at the nursery school from 8:30 A M. until 
4;00 P, M five days a week A typical nuisery school schedule wa** 
followed. A wholesome atmospheie prevailed. Evciy effoit was 
made to provide opportunity for adequate social and personal adjust¬ 
ment 

Before any child was enrolled, he was given a thorough physical 
examination by a competent physician, and a biicf case history was 

^Members of the suif and students who cooperated in the study were 
Maude Sholty, Edcen Goodall, Margueiitc Johnson, Dorothy Fitch, Kath¬ 
erine Fonina, Harry Frederick, Florenece Gates, ICnthlccn Gould, Charlotte 
Ilaycs, Ehyaheth Howard, Jo MacDonald, Betty MiUer, Martha Omenson, 
Ruth Shipman, Mar)*' Ethel Smith, Barbai a Vickcre and Mavis Wyland 
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tnlccri l>v tiiiineJ socfiil vumIccj* Dm mg' the fiiiJt two months a 
Ocirefill cnsc study was made of each child bv the students enrolled 
in a course of mental hygiene^ the head teacher, the nurse, the dicti- 
tiori, and the supcrvisoi Evciv student coopeiating m the study 
‘^pent at least five houis per week assisting at the nursery school 
No student was assigned more than two childicn foi obseivsition 
and intensive study riifoimal meetings were held once a month 
witli the motheis, the staff and the student assistants to give an 
uppoitunitv far all to become acquainted and to discuss gencial and 
individual puibicins llic topics to be discussed were determined 
h\ the inajoi pioblems which had presented themselves foi consid¬ 
eration duiiiig the month, eg, pievcntion of colds and contagious 
diseases, diet, tciiipei tantiums, cnuiesis, etc 

The study w«ns continued dining the wintci quaitei by the same 
gioup of workcis who were eniolled foi a couisc in the ps 3 ^chology 
of pic'^chool chddrcn Each child 'Was given two individual intelli¬ 
gence tests named cxamincis The tests used wcie the Stan- 
ioril Revision of the Jhiiet Tcbts and the Rhode Island Intelligence 
teit for the oldci childlen, and the Kulilmaii-Binct and the Minne¬ 
sota Preschool Test foi the younger childicn A thud test was 
used when there was marked disciepancj' m the results of the fijst 
two tots 

'Pile language hchavioi of each child in a controlled situation was 
tested using the technique outlined b\' Goodenough and Andei- 
sou (D The child was placed in a familiai envnonment Aftei 
sufficient prcliniinarv convci‘nation to insure freedom of lesponse, 
the expelimentei showed the child a numbci of inteiesting tov^ fmd 
pictuie booLs as suggested by McCaitliv (8) After the fiist toy 
shown, every vcibal lesponse oi cxpiessivc vocalization was re¬ 
corded \cibatim until 50 consecutive icsponbcs weie secured The 
child was addicssed as little as pO‘>sible during the obseivation since 
the aim w'as to sccute spontaneous responses A quantitative analysis 
was made of the individual rccoids, ie, mean length of sentence, 
number of different words used, and the time lequiicd to secure 50 
responses 

The lating scale devised by L, R Marston (7) was used to 
secure a measuie of a tendency toward intioversion or extroversion 
Three trained students who had assisted legiilailv at the nurseiy 
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school foi peiiods ot fiom 12 to 20 weeks, and the thiec mcinbcib 
of the staff: the head teachci, the nuisc, and the dietitian uitcd eacli 
child independently on the 20 items m the scale. To insure uniform 
situations all the lateis observed each child in four different situa¬ 
tions as suggested by Maiston (7) (//) social resistance to the 

approaches of a stianger, (b) tonaphance with the expciimcntei's 
lequest to perfoim a difficult task, (6) inteiest in a novel cnviion- 
meiU, and (d) sclf-asscition in attempting to secine a picfeiicd 
toy All childien weie rated on one tiait only at a given time to 
avoid the influence of the “halo eftect” in so fai as possible TJie 
coirelation of the individual latcis with the avciagc of tlic latcis 
vaiicd fiom 0 86± 04 to 0 94:±: 01. 

Eveiy home was latcd on the Sims Scale foi Socio-Economic 
Status The case histones weie amplified by thiee students who 
weie majoiing in sociology and enrolled foi a couise in social 
case woik Fuithci data on home b«ickgiound, maiital iclation 
of parents, lelationship of parents to child, agreement between 
parents in child tiaming, the niimbei of childien in the f.imilv, the 
child^s position among his siblings and othei miscellaneous data weic 
secured 

After the childien had been in attendance at the nuisciy school 
fiom thiee to five months they were classified into tliice groups 
the well adjusted sociall)^ the mediumly Avell adjusted, and the 
poojly adjusted Since theie is no genejal agreement among work¬ 
ers as to what constitutes social adjustment and since few norms 
for social beliavioi have been established foi any age level, inves¬ 
tigators in the field aic confronted with many difficulties Conse¬ 
quently the working dclinitions which Kawin established, aibitiaulv, 
for hei studv were utilized Kawin (5) states 

In the absence of any definite tuteria, as to whfit constitute 
problems of social adjustment, foi the purpose of this study a 
child was considered to picsent sucli problems when, in the 
opinion of more than one adult in chaige of him, {paicuts, 
teachers, Infant Welfare woikcrs, and mcmbcis of the staff 
of the institute) diflicullies in entciing into satisfacton leln- 
tionship with othcj childien were consideicd chai ai teristic of 
the child ovei a peiiod of scveml weeks, months, or ycais A 
child who merely felt ill at ease dining the fiist week oi two of 
a new school oi othei new group expei lencc, but then adjusted 
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sntisficmnh to othei duldreii, was not included in llic piobleiii 
^roup Difiicultics in entennf^ mto satisfactory relatu)jisliii» 
with oilier dll Id re II included n variety of behavior reactions 
ranging from aggicssn enesb, pugnacious ness and persistent im- 
willingness to share lovs, to shyness, aloofness, and indifference 

For the present studv the clas-.ificatiaii into tliiee groups ’was 
based on the ccimposjic lesults secuicd hv the head teachei, the 
social \M)ikci, a student assistant, and the supervisoi who checked 
each child uidependcntlv on K a win's statenieiUs in regaicl to the 
cluld's social adjustiiiciit '"J'hc imniatuiitv of social behavior of 
preschool children and age difteicnees in the stages of social adjust¬ 
ment in childicn ranging in age from two to live veass as sticssed 
by BlatA, Milhchamp, and Flctchci (2) weic kept in mind con¬ 
stantly iJi checking the children* 

Sanifde statements from Kawin (5) on winch each ti pe of adjust¬ 
ment was based me as follows, 

I Statements Indicating Pool Social Adjii'<lnienl 
Ioef/ucnt!y oi Usually 

Is domineering, bossy, aggressive, rides rough shod ovei 
others Is not happy in school, Does not talk to othei 
childlen or adults 

n Statements Indicating Neither Poor Nor Good Social Ad¬ 
justment 

Plays neither cxckishcly alone noi freely with whole 
group Equally cooperative and iiiicoopcratne Some¬ 
what domineering and bossy Children merely accept 
her; ncithci like nor dislike her 
III Statements Indicating Good Social Adjiistmcnl 
Vs ually 

Is sociable, fiiendly, likes other children Gets on well, 
plays well with othei childicn Enjoys school Cooper- 
ales, ivorks, plays iiifl? others Good sense of fair pJfiy 

On the basts of such stntements by the foui woi leers concerning 
the children, only four of the 25 cliildien wcic classified iii Group 
the poorly adjusted gioiip, 13 childicn weie m Group Bj the 
mcdiumlv ^vell adjusted, and eight children in Group Cj the well 
adjusted socially. 'Flicre was marked agiccment between the laters 
in classifying the children Unanimity of opinion was obtained 
without difficulty aftei a discussion of the chdd in the few cases 
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wheie disagicements eie found The dat.i weie then coinpiled foi 
each of the thiec Rroiips to facilitate compai isons, While the data 
foi all studies, VIZ,, intelligence tests, language test, mtioveision- 
cxtioverbion, socio-economic status of the home, case lilstoiies, cLc , 
weic analyzed in great detail only a biicf summary of some of the 
findings which may bcai some lelation to social adjustment aie dis¬ 
cussed in this icpoit (Table 1) T^he gioups were too small to 

TABLE 1 

A BRiEt Summary or the Resuits of Some oi thh SruDu-s Cakrilo on ai 
THE Federal Emergency Rni.iEt Administration Nurspry Schooi 
C oNDUC'rro with the Coop era i ion of the Universi nr 
OT W\OMING, L ARAM IF, WYOMING, 1934-35 


Group 

A 

B 

C 

I Sex Niimbci 

Niimhai % 

Number % 

Boys 

3 75 

5 38 

1- 50 

Girls 

1 25 

H 62 

4 50 

Total 

4 100 

13 100 

8 100 

U CUionological Age 




Range 

3-7 lo 4-5 

2-3 to 4-5 

2-5 to 5-1 

Mean 

4-1 

3-3 

3-5 

III Mental Age 




Range 

3-6 to 4-6 

2-4 tn 5-8 

2-iO to 5-6 

Mean 

4-0 

3-4 

3-4 

IV Intelligence Quotient 




Range 

S9 to 101 

87 to 131 

89 to 117 

Mean 

97 

104 

104 

V Physical Condition Abo^ e AYCiagc 

Below Aveiage Average 

VI No of Children pei Family 

VII Introversion-Extroversion 

40 

32 

3 3 

Range 

3L2 to 91 6 

38 5 to 87 5 

40 3 to 83 3 

Mean 

63 3 

61 6 

64 7 

VIII Language Behavior 




Length of sentence in woid 

s 



Range 

0 to 4 5 

0 to 4 5 

1 3 to 6 0 

Mean 

2 6 

28 

3 2 

No of different woids used 




Range 

0 to in 

0 to 106 

26 to 133 

Mean 

Time required (minutes) 

60S 

57 4 

621 

Range 

10 to 25 

4 to 23 

7 to 19 

Mean 

18 

9,8 

11 1 

IX Position among Siblings Nuinbci % 

Number % 

N umbel 

Only 

1 25 

2 15 

2 25 

Oldest 

0 0 

1 8 

0 0 

Middle* 

3 75 

4 31 

2 25 

Youngest 

0 0 

6 46 

4 50 
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TABLE 1 (coiihniied) 

A BRiEt Summary of the Rcsuits of Some of the Studies Carripd on at 

THF FeOFrM EMCROENCY ReI ICF ADMINISTRATION NURSFRY SCHOOL 
Conducted wnn Tiit Cooi'eratiow oi< rifF Umversiti 

01 Wyoming, Laramif, WYOiVUNO, 1934-35 _ 


Group 

A 


B 


C 


Ni 

Liml>cr 

'S'- ' 

Numbei 

% 

Number 

% " 

X Parentage 







Native horn 

3 

75 

U 

Z5 

S 

too 

Foreign horn 

1 

25 

n 

15 

0 

0 

XI Age of Parents 







Mother 20 29 

9 

0 

10 

77 

3 

37 $ 

30-39 

3 

75 

3 

23 

5 

62 5 

40-49 

1 

25 

0 

0 

0 

0 

Father 20-29 

0 

0 

4 

31 

2 

25 

30-39 

2 

50 

7 

53 

4 

50 

40-49 

2 

50 

1 

S 

2 

25 

50-59 

0 

0 

1 

8 

0 

0 

Xll Education of Paicnis** 







Mother Giadc school 

3 

75 

9 

69 

3 

37 5 

High school 

1 

25 

3 

23 

5 

62 5 

College 

0 

0 

1 

S 

0 

0 

Father Grade school 

4 

100 

9 

69 

6 

75 

High school 

0 

0 

4 

31 

2 

25 

College 

0 

0 

0 

0 

0 

0 

XIII Socio-Economic Status 

11 5 


11 5 


11 3 


XrV Occupation of Farhei 







I—Professions 

0 

0 

0 

0 

0 

0 

IT—Business 

0 

0 

0 

0 

0 

0 

III—Skilled Laborers 

1 

25 

2 

IS 

3 

37 5 

IV—Semi-skilled Lahore 

rs2 

50 

4 

30 

3 

37 5 

V—Unskilled Laborers 

1 

25 

7 

54 

2 

25 

XV Marital Relationship of Parents 






Normal 

3 

75 

10 

77 

4 

50 

Broken Home 

3 

2S 

3 

23 

4 

50 

XVI Agreement of Parents 







on Child Training 







Satisfactory 

1 

25 

6 

46 

S 

100 

ConfliUmg 

3 

75 

7 

54 

0 

0 

XVlt Rclntionsbip of Father to Child 






Goad 

2 

50 

2 

15 

3 

37,5 

Fair 

0 

0 

6 

46 

1 

12.5 

Poor 

2 

50 

1 

8 

0 


No Fiither 

0 

0 

4 

30 

4 

50 0 


*A child IS designated as a '‘middle” child i( he occupied any intermediate 
po*iitEon in a family of three or more 

**Grade school education indicates merely that the parent did not go to 
school beyond the eighth gi ade Some paients completed only the fifth 
or the sixth grade Likewise high school does not imply ginduation Most 
of these parents spent only one or t^vo years in high school 
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justify dctcimining statistically the significance of the diftcreiiccs 
found, oi to draw any gcncial cundusjons as previously stated 
Howevei, the findings will be compaicd with those of Kawin and 
other studies Tilson gives no data on many of the items included 
in this study, consequently few compaiisons were possible with 
her findings 

The picscnt study shows the highest percentage of boys in the 
problem group, Kawin found the three groups to be about equal 
as to sex 

It IS interesting to note that the kmest mean IQ is found in the 
pioblcm gioup which also agiees with the findings of Kawin and 
several other woikers Only foui chddien in the cntiic gioup tested 
above average (above 110) in intelligence The thiee highest arc 
in Group B which is ncithei poorly nor well adjusted Holling- 
woith (4) has sticssed the difficulty that childicn who aie more iii- 
telliiicnt than then gioup, encountci m ihcii social lelationships 

The results of the intelligence tests tend to veiify another finding 
of Kawin and of most other psychologists who have tested pieschool 
childien, the tendency of the Stanford-Binet Scale to rate children 
too high at the eaily age levels Although most of the children 
came fiom very inferior homes as lated by the Sims Scale, less than 
one-thiid of the children tested below 100 and only thiee below 90 
in intelligence While agiecmg in a general way, the intelligence 
quotients on the Minnesota Pieschool Tests were lower than those 
secured from the Stanford-Binet Scale for most of the cases tested 

The physical condition of the child was found not to be a signifi¬ 
cant factor with these childien Kawin*s finding indicates a slight 
but lathci consistent tendency for the pioblem group to be in 
poorer physical condition than either of the other gioups Tlie 
problem group in this study was a little above avciagc physically 
while the other two gioups were avciagc oi bclow^ Taken as a 
whole the gioups w^ere considcied as veiy little below' average for 
physical condition as rated by a local physician who examined eacli 
child before ho was eni oiled 

A slightly larger number of childien pei family was found in the 
pooily adjusted group, Kawin found the thiee gioups to be about 
equal in this respect 

Mars ton considcis scores above 60 on the jntiovcrsion-extroveision 
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sc.ile, winch are based upon the avciagc ratings of seveial competent 
judgcs»j as indicative of a tendency toward extroversion and a score 
below 50 as tending towaid the introverted type All thiec of the 
groups have a mean of the latings slightly above 60 Most studies 
of picschool children have shown a tendency toward the extiovcited 
type The mean rating is slightly inglici for the well-adjusted 
gioup and the lange is laigci for the poorlv adjusted children as 
might well be expected* The tendency toward extroversion oi intio 
\eislon ’v\as not investigated cithci hv Kawin oi Tilson 

The mean number of words pci sentence shows a slight incieasc 
fioin (lioup J to the well-adjusted gioup and the lange too is 
largci The lange and mean of the numbci of diffcient woids used 
is gicatei also foi the well-adjusted group, and yet moie time was 
icquircd to elicit the responses fiom the pooily-adjusted childicn 
even though the mean chi onological and mental ages weic highei 
than in either of the othci gioups. 

As found by Kawin neithci the only nor the youngest childlen 
piesented more pioblems than do othci children In the present 
study both the only and the youngest cliildien appear to be slightly 
better adjusted Kawin found the largest percentage of oldest 
childicn in the problem group and the laigcst percentage of young¬ 
est among the well-adjusted childicn* 

Only three childicn came from homes of foreign paicntage None 
of the^e were in the well-adjusted gioup Kawin found no significant 
iliffeiences among the tiuee groups in regard to the national origin 
of the fathers, 

I^oth studies ngice in finding the patents slightly older in the 
[loorly adjusted group* 

More mothers of the well-adjusted group had attended high school 
fiom one to foui ycais than in either of the other gionps, howevci, 
the child of the one inothei who had n college degree was in Group 
n No dificrcnces wcic found with legaid to the education of the 
fathers The laige niajoiity of the fafcheis had completed only the 
eighth grade or less while a majority of the mothers had spent from 
one to four years in higtl school Kawiii's data are incomplete on 
this point, but no differences weic found between the groups foi 
the cases where such data wcie available in her study 

Since the subjects included in this investigation weie a veiy nai- 
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lowly selected group, drawn foi the most p.iit fiom homes of in- 
ferioi social sUatus and fiom unslcillcd oi semi-skillcd lahoieis, the 
data with legaid to tJie occupation of the hitheis and the Sinis rating 
foi social status do not show significant difl-ciences Howevei, the 
findings tend to agree with Kawm in that the higlicst occupational 
ratings are found in Group C 

The laigest percentage of well-adjusted childicn came fiom 
biokeii homes, the lesult of divorce or desert ion This fact is cen¬ 
tral y to the findings of most studies One htilf of the well-adjusted 
children had nevei known their fathers or had known them for only 
a very shoit time at best Consequently, tlie figmes for the agree¬ 
ment of paients on child tiaining and foi the relationship of the 
fathei to the child are inadequate. Both Kawin and Tilsoa found 
these factois to be somewJiat significant Some workcis have found 
that a broken home may be more conducive to wholesome adjust¬ 
ment than a home maiked hy dissension and tension. It is highly 
piobable that such was the case with these childicn As a icsiilt 
of the unemployment and the stiaitcncd financial conditions of most 
of tlie parents, few if any of the homes were normal Unusual emo¬ 
tional sticss and many types of m<xladjustmcnt characteiizcd most of 
the homes. 

Most of the data sccuied weic quite objective and the results wcic 
compiled and the comparisons made on a numerical basis even though 
the numbeis were too small for statistical ticatment of the results 
Such factual data aie dependable Some of the mfoimation, 

however, is relatively subjective and the dependability and reliability 
are low The findings mav well be questioned 

Kawm says, 

The social adjustment of a young child to other children 
outside his own family does not appear to be so conspicuously 
related to any other single tactor in the child^s own make up oi 
cnviionmcnt that the one can be said to be the ^‘cause*’ of the 
othei What this study does indicate is that theie are a gioup of 
fnctors which appear fo be related to the cluld*a social adjust¬ 
ment 

Such gioupings of factois are sometime called constellations, 
and this concept is coming to ploy an increasingly important role 
in psychological explanations of behavior and personality Recent 
studies in this field tend moie and more to support the view¬ 
point that any particular manifestation of behavior or personal- 
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it> IS not the result of anv single factor in the make up, 
environment, or expeiiciice of nii in<Li\ idiial, but is rather a 
result of 3 ronsicllation of such factors ivhicli, in cuiobniatiuu 
with each other, tend to pioilucc the ohseivcd icsiilts 

In discussing tlic influence of cnviioninciitiil foices in development, 
LcWiii states, “Particulai fcntuics of the cnviionmcnt are usiiallv 
less mifioitant chan its {hataefet tn detemin7ijig us cftect on the 
cliild\ development” The conclusion leachccl by Lois B Muiphy 
and Gaidnet JMurphy in siimmari 7 ;inK theii discussion of the le- 
spoiiscs of children m social situations nUo stiesses the whole situa¬ 
tion rath Cl than indivuiual stimuli They state, "Social psychologists 
arc feeling then \\i\y towards a new foimulation of then pioblein, in 
which less emphasis will he placed upon isolated stimuli and responses 
and moic upon functionally significant wdiole situations and upon 
the dynamics of the bcliavioi of whole oiganisms ” 

The present rather intensive study of a small gioup of childien 
tends to point to the same geiieial conclusions. No single factoi 
cither biological or envnonmental shows a maiked relationship to 
the child^s social adjustment An evaUiation of any one oi all of 
the objective factois which have influenced the child is inadequate 
unless we Iciiow^ how these conditions have affected his tpcrsonality 
and how they have affected the attitudes toward the problems of life 
which he had developed Feiiiicious influences do not always have 
a detrimental effect, thej'^ may actually piove beneficial bv fosteiing 
more wholesome attitudes It would seem then that social adjust¬ 
ment is largely^ a mattci of integration, the lesult of the total situa¬ 
tion—the iinitj" of elements Avhich has influenced the development 
of the child 
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A STUDY OF RACIAL DIFFERENCES IN EIDETIC 
IMAGERY OF PRESCHOOL CHILDREN*' 

The Univetsiiy of Texas 


Leigh Peck and Amelia Barthlome Hodges 


The investigation to be reported it, an experimental study to de¬ 
termine the incidence of eidetic ability in white, Mexican, and 
Negro children fiom thiee to six years of age 

The piescnt study combines two major problems for investigation 
in the field of eulctic imagciy The fiist pi obi cm is tJiat of de¬ 
termining the fieqiiency and sticngtb of eidetic ability in preschool 
childiciL The second problem is concerned with a comparison of 
this eidetic incidence and quality in white, Mexican, and Negro 
preschool childien. 

Nature of Eidetic Phenomena 

Before going into the procedure of this study, an attempt wil] be 
made to define the eidetic phenomenon, and review the literatuie 
pertaining to the subject 

According to E. R Jaensch^s definition (10), eidetic images occupy 
an inteimediate position between sensations and images. They 
resemble after-images in the sense that they aie literally seen; they 
lescmble memory images in the sense that they aie rich m detail 
and possess a ceitain degree of motility. The eidetic individual is 
able to project his image, which is peiccptual in charactci The 
image appears just as real to him as if his senses were actually being 
externally stimulated. This subjective phenomenon may be found 
in the visual, auditory, tactile, and olfactoi y fields The present 
study IS concerned with visual images only 

Uibantschitscli (30) seems to have been the first to cairy on an 
experimental investigation of eidetic images In 1907 he published 
a book on optic “Anschauungsbilder” m which he distinguished 
between the *‘ordinaiy visual mcmoiy image/^ and the ^‘perceptual 
memory image ” The latter is considered an eidetic image. T'lic 
most extensive studies in the field of visuaul eidetic imagery have 

♦Received In the Editoiial Office on January 23, 1937 
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been earned on by E R Jaensch (10) and !us students in the 
biiTir Institute of Psychology, Kkivei (12) has reviewed the work 
of the Marburj? school 

Jaensch and his students have concentrated their studies of ctdetic 
ability around its ielation to typology T^*c*isch found that two 
types of images alwa 5 's appeal with any gioiip of individuals tested 
for eulctic ability. These types of images coi respond, he believes, 
to relative constitutional t 3 ’^pes of personalities One type, which 
lie terms the tvpe because, in an exaggerated form, the subject 
sijltcis from tetany, has eidetic images winch lesemblc after-images. 
Eidetic images seemed by pcr«?ons of the ''T*' type aie usually diffi¬ 
cult to produce, complenicntaiy iii color and fiaginentaiy in appear¬ 
ance, The tvpe of pcjsoiinlity, so teimcd, because, in its exag- 
geiated form, the subject has Ilascdow’soi Giavc’s disease, experiences 
eidetic images winch ore neb m detail, positively colored, and which 
appear as a whole Most eidetic images are a combination of some 
qualities from eacli type, Jaensch points out that the ability to ha\e 
eidetic images tends to disappeai with pubeity, and that it is chiefly 
a cliildhood plienomciioii Jaensch credits children with the posses¬ 
sion of, Avhat he terms, a ‘^unitary type” of eidetic image in which 
many of the qualities of the after-image are to be found, 

Investigations with Young Children 

The experimental literature pertaining to investigations of eidetic 
ab/hty m very joung children is extiemdy limited Roessler (27) 
examined children from six to ten years of age He seems to have 
been very successful in adapting the methods of Jaensch to the 
examination of the six-year-old child. On the whole, investigators 
generally accept Roessler’s six-ycar-old age level as the peak m fre¬ 
quency of eidetic ability Observations of eidetic ability in individual 
preschool childlen have been repoitcd Downey (6) reported the 
spontaneous eidetic imageiy of a four-year-old boy Antipoff (3) 
observed eidetvc ability in her seven-year-old son, Revesz (26) 
demonstrated that preschool children are highly capable of accurate 
observations in aftei-image^ Kicsow (33), and Gatti and Vacino 
(32) used six-vcar-old children in their investigations with after¬ 
images 

Peck and Walling (23) have been the only expelimenteis in the 
United States to report carrying on a systematic investigation of 
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eidetic ability with preschool children They examined 20 children 
from two to hvc^and-one-lialf veais of age in a prehminaiy study 
The study was designed to Avorlc out a technique adaptable for 
testing eidetic ability of picschool children, They tested tlie re^ 
liability of the technique by noting the consistency with winch the 
two parts of the test distinguished between the eidctic and tl\e non- 
eidetic subjects, and by con elating the lankmg of the culetic sub¬ 
jects in the fiist test senes and their ranking in the second test senes. 
The strength of eidetic images may be determined by using either 
duration of time oi number of details as a cntenon Tnpp (29) 
suggests that a good cntciion for the true eidetic image is abundance 
and richness of detail, which in most cases fai exceed a memory 
image Peck and Walling used both duiation of images and number 
of details m i an king then subjects In testing for reliability of tech¬ 
nique, they found latliei high correlations between these two methods 
of deteiraining the strength of eidetic images They obtained a cor- 
1 elation of 95it 02 between these two methods m the fiist test 
senes, and in the second test series they found a coriclation of 
88 ± 04 When number of details was used as the cnterlon for 
ranking the eidetic subjects, they obtained a coriclation between the 
fiist test senes and the second of 75± 09 They also obtained a 
coriclation of .48± 16 between the two test senes when duiation 
of images was used as a cnterion They found that 50 per cent of 
tile 20 children icpoited eidetic images The same 10 subjects that 
reported eidetic images in the first test sciies reported them m the 
second test The writers are indebted to this investigation for test¬ 
ing inatenals and technique The technique used is based upon that 
used by Jaensth (10), Kluvci (14), and Teasclalc (28). 

Raciat. and National DirrERENCES 

Theie have been veiy few investigations in regaid to racial or 
national diffciences in eidetic ability These few investigations have 
been earned on with childien above the picschool age level Kluvcr 
found no lacial diffeienccs in studying the eidetic imagery of Italian, 
Jewish, and Negio school children in the United States (14). These 
results are contiaiy to what Jacnscli expected Jaensch believes that 
racial differences exist. 

Meenes (20) tested 100 Negro school children He found 34 
per cent to be eidetic This is possibly a little higher percentage 
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tlinn that of the white cliildicn, which is gjenerallv accepted as ap- 
proximatelv 30 pei cent, O'Neill (22) found that 30 per cent of 
260 boys possessed some eidetic ^ability Brother Rogatus Kearney 
(11) examined 296 boys from 9 to 15 yeais of age. These boys 
'Nvere of English, Geiman, Italian, lush, and Polish paientage 
Fifty per cent of those ot German parentage, 45 per cent of those 
of English descent, 36 per cent of the Italian boys, 22 pei cent of 
the Insli, and 18 pei cent of the Polish boys weic found to be eidetic 

Summary of Literature 

Jacnsch was the first to raise the question of the existence of lacial 
differences in eidetic ability. The few expciimcnts which have been 
done in this field up to date have been cairicd on with adults or 
children above the picschool age level The lesults of these expeii- 
nients indicate some slight difference among childicn of vaiioos 
nationalilics in the incidence of eidetic abilitj'^ None of the cxpcii- 
inentcrs in this field have studied the diffeiences in characteiistics of 
eidetic images among the various laccs 

Purpose of Experiment 

The purpose of the present experiment was to deteimine the inci¬ 
dence of eidetic ability in white, Mexican, and Ncgio pieschool 
children. « Afore spedfically, the purpose was to compare these thiee 
groups with regard to mimber of visual eidetic images, richness of 
detail, and duration of images, using a technique adaptable to pre- 
''cliool children, 

Subjects 

The subjects u^cd in this study were 208 white children, 50 
Mexican children, and 50 Negro children fiom thiee to six ycais 
of age. The 208 white childicn were mcmbeis of vaiious nurserv 
schools, jmblic schools, and kindergartens, or weie secured thiougii 
the activities of the Paient-Tcachei Association of Austin, Texas. 
A iiiinalici of the Mexican children wcic mcmbeis of a pieschool 
language class of Bicklci school, Austin, Texas The others vyeie 
brought to the school bv theii oldei biothcis and sisteis or through 
the activities of the P.iient-Tefichcr Association, The Negio chil- 
dien were, for the most pait, members of a coloied Emcigency 
Relief Nurscrv School A few otlicis wcie given the tests in their 



LEIGH PECIC AND AMELIA BARTHLOME HODGI'S 


145 


liomes All of the subjects, with the exception of a small numbei 
of white children, wcie mcmbeis of the same locality, Austin, Texas 
A few white subjects weie secured horn kindergaitens at San An¬ 
tonio, 7^cYas, and Ho us ton, Texas 

Examiners 

Seveial gioups of examineis were foimed to woifc togethei to 
secuie the data used The examineis foi the white children in¬ 
cluded Di, Leigh Peck, Miss Roscmaiy Walling, Mis. Lois Brad- 
field, Miss Jennie Mane Goodwin, Miss Faye Jackson, and Mi's, 
Amelia Baithlome Hodges. The examineis foi the Mexican sub¬ 
jects included Beatrice Arichiga, a young Mexican gnl, Mrs. Lois 
Braclfield, Miss Jennie IN Larie Goodwin, and Mrs Hodges The 
thiee last named examiners also knew Spanish The testing of the 
Negio dill then was done by Miss Faye Jackson and Mis. Hodges 

As suggested above, Di Leigh Peck and Miss Rosemaiy Walling 
worked out the technique foi testing which was used. Tlie othei 
examineis, with the exception of the young Mexican gnl, were stu¬ 
dents in the Educational Psychology Depaitment of the UniveisiLy 
of Texas and were trained in the technique of testing by Dr Peclc 
and Miss Walling In preliminary piactice, Di Peck and Mias 
Walling supeivised each group of examineis m admuiisteniig the 
tests Furthei leliability of the examiners was dcteimined by check¬ 
ing the record blanks seemed from this preliminary piactice to detci- 
mine unifoimity m recording 

Procedure 

The subjects wcie tested individually in a quiet environment In 
most cases the subjects weie seated at a low table in a familiar 
room witli medium daylight coming ovei the left shouldci In some 
instances, where the extiminers tested the childzen at their homes, 
the porch was used so that the maximum amount of light might be 
seemed No head lest was used The child was seated in a com¬ 
fortable chair acioss the table fiom the examiner. The cxaminei 
held the stimulus pictiiies oi placed them on a i.ick about 15 inches 
from tlie subject The iccoid kccpei sat to the back or beside the 
child, and lecordcd the subject’s responses The time was taken 
with T stop watch, and iccoidcd on the blank 
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]\/Iati:r3Als 

The pictuicb Used foi the cidetic testing weie all of the silhouette 
type Silhouettes Aveie used, because, as Jacnsch has pointed out, 
they appeal more stronglj^ to Avliat he calls the ^physiological com¬ 
ponent ” These silhouettes weie designed foi the study by Mis 
Alice Ward Nichols of the Ait Dcpaitment of The Univeisity 
Junioi High School, Austin, Texas The silhouettes weie diawn 
on thick white diawing caiifs 11*4 x 7 inches The piojection screen 
of heavy dark grc'i paper was of the same dimensions The stimulus 
pic tines iiicliKlciI* 

I 'lesis foi nfter-iinagcs 

1 Ked disc, inched in tUnmciei a HUck dot m the 
ccntei, to be fixated 20 seconds 

2 1 vso-and-one-half inch black silhouette of a bear with a 
while <.vc and black pupil, to be fixated 20 seconds 

II 'I csls for eidetic imagery 

1 Black silhouciie of a boy holding a fish in one hand and 
a fishing pole in the other, water, a bush with a labbit behind 
It, glass, and a tall tree with a bird on the lowest limb, to 
be examined without fixation for 30 seconds 

2 Silhouette in black, pink, and yellow of a circus scene, 
in foregioiind little girl holding pink balloon, little boy walk- 
in^ with a circus whip in bis hand, in the background balloon 
man with balloons standing by his sale booth, a trainer driving 
three elephants, while circus lent with three flags waving, a 
boy, and a pink circus wagon with two clowns beside it, to be 
exninincd without fixation for 30 seconds 

3 Black silhouette of children going to school, in the foie- 
ground little gjr! and little bov walkmgj one little boy running, 
a little bov ^^Uung by a load sign waving Kis hand, m the back* 
ground a little giil pulling a wagon with a child occupant, a 
building, the schoolhouse, childien playing, one child swinging, 
a well and bucket, and some trees, to be examined without fixa¬ 
tion 30 seconds^ 

All of the silhouettes appealed to the inteiests of pieschool childicn 

Directions to Subjects 

The children weie invited to the examination ^'to look at pictuies.” 
In some instances when tlic subject was not known to the examiner a 
short peiiod of plav or con vei sat ion was engaged in befoie the 
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cxaminei began the test Befoie beginning the test the c\aniinei 
attempted to explain to the child the possibility of seeing things 
that weie not leally there Such a question as “Do you know that 
sometimes we can see things that aic not iCctUy tlieic?—^just think 
of them so hard that we see them^” would arouse the child’s interest, 
and give him an undeistanding of what was lequned If the child’s 
answer was negative to the liist question, the cxaminei continued, 

Maybe you could le«irn Wouldn’t that be fun? 1 am gomff 
to show you a picture, and if you will look at it very hard, 
you can still see it aftei I take it away, Von can see it light 
here (the cxaminei poinicct to the projection scieen) if joii 
will look at It very haul all the time I am showing it to jou 
It may be some othci color, but you will see it 

The examinci placed the fiist plctuic foi testing foi aftci-images 
upon the stand, and said, 

Here is a pictme of a jed b<ill Look right at the dot m 
the middle of it Don’t look at anything else Just look hard 
at the dot as long as 1 show >ou the picture 

(The stimulus pictuie was lemovctl nftei 20 seconds ) The ex¬ 
aminer asked, 

Now can yon see anything? What do >oii sec? What coloi 
]s iL? Can you put >oui finger on it^ Is it as laige as the one 
I showed you? Is it laiger or smaller or the same size? Can 
you urn yotii finger around the edgt and show me how hig 
it IS? Is It still theie or is it gone? 

The last question was asked fiequcntly and was, in piactice, m- 
tcipolated lepeatedly between the othci questions The cluld^s 
expression and attitude weie clo‘iely uatclied to note whether he 
ically appealed to be looking at something extcinally projected 

If tJie cliild faded to expeiiciicc an aftei-imagc, the cxaminei 
demonstiated the techniq\ie of fixation, saying, 

If you look hard enough, you’ll still see the picUiit after I 
take It away. You have to look light at it all the time I’m 
showing it to you See how 1 do I look right at the dot in 
the middle 

Before the second aftei-image stimulus piesentcd, the ex¬ 
aminer said, 
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Now I am going to show you the picture of a beai, n big 
black bear If \oii look at U hard, >ou can still see it aftei I 
take It away It iiiny not be black, it may be some other coloi, 
but yon will sec it right there. Look at it ha id, and don*t look 
at anything else Look right at the beai’s eye {The siimnlns 
iiiittiic ^ns icmavid) Can you sec anything now? Wbat do 
you sec? What coloi is it? Where is his nose? Wheic la his 
tail? {The Jniin Koo ^jnestioris helped in dctei nnmiig the size,) 

Is it still thcie, 01 IS It gone? 

Short rest periods were given between pictures Befoic beginning 
tlic testing for the eidetic imagery, the examiner explained to the 
child, 

There will be lots of things to see in the next pictiiic Look 
at all the things in it Look around at eveiything m the pic¬ 
ture ( Ijier ilu siimtiltts ptciure *was removed, ihe csavxmei 
ersked), Do you see nnvthiiig? What do you see? {Other 
questions nverr asked as the ihifd's answais sii(fgested, for ex¬ 
ample), What docs the little bov have in his othci hand? What 
IS the bird doing? Whnt else do you see? Do you still see 
something, or is it gone? 

If the subject did not icport an image immediately after the re¬ 
moval of the stimulub-pictULC, he was told, *‘Keep looking You 
might see something m a moment.’* Some individuals do not ex- 
pciicnce an image immediately after the removal of the stimulus 
The short time between the lemoval of the stimulus and the appear¬ 
ance of the image may be termed a “latent peiiocl ” 

Records 

The timc-kcepei lecoidcd cveiythmg the subject said on a lecord 
blank, as well as the duiation of the image in seconds, the size of 
the image, and colors The individual lecord blank used was one 
worked out by Miss Rosemary Wallmg This blank was designed 
for the purpose of uniformity m lecoiding, and greatly facilitated 
tabulating the results. 

There is a separate space on the lecoid blank foi jecoiding the 
time, divided into time for (<j) the total duration of the image, 
(b) the latent period, if any, between the exposure of the stimulus 
and tlic appeal ance of the image, and (c) the period of time during 
which the image appealed and disappeared, in the case of an inter- 
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mittent image. The duiation of an image was the time elapsing 
between the subject’s fiist report of an image and his leport of its 
disappeaiancc, A few subjects having images after a latent period 
wcie found in each racial gioup Such cases weie recoidcd by timing 
the subject from the time the stimiiliiS'picturc was removed until 
he expeiienced an image, and then again until the image disappeared 
Only one strong case of an intermittent image was found. One little 
negio gill would exclaim, “Now the lalibit is hcie Now it’s gone ” 
{/Iffei a second oi Hoo ) “There it is again.” In cases of inter- 
mittent images, the total numhei of seconds weie recorded. For 
example, if the child’s first image lasted 15 seconds, the reappeaiancc 
lasted 12 seconds, and the thud reappearance lasted 10 seconds, the 
time-keeper would record 37 seconds beside the space marked intci- 
mittent on the record blank. 

The subject was credited with having an eidetic image only if 
details could be pointed out Whenever a subject reported, “I see 
a led line” or “I sec some black spots,” for example, these were not 
counted as images. In tabulating the number of details from the 
record blanks, the investigators counted as details (^) objects, (/») 
colors, (c) relationships, (/f) action, and (g) descriptive words and 
phrases 

Results 

Aftei-Images Table 1 gives a summary of the data concerning 

TABLE 1 

Summary or Data Concprnimg ArrtR-lMAGPS 

Duration Initial coloring 

Ntimber of (Seconds) (Percentage of images) 

aftei- Avernge Pom- Ncga- Achro- Otlici 


Gioup 

images 

Range 

for A I 

tivc 

tive 

made 

colors 

White (208) 

337 

5-430 

38 3± 715 

3 + 

38 

11 

17 

Mexican (50) 

95 

5-150 

44 1± 5 64 

SO 

38 

6 

fi 

Nec^ro (SO) 

99 

5-360 

84 9^:11.85 

58 5 

32 3 

5 l 

4 1 


the total duration and coloring of the affccr-irnagcs of the three racial 
groups The average duiation is much highei among the Negro sub¬ 
jects than among the other two groups The white subjects have the 
lowest avciage duration. The data as to the coloiing of tlie images 
is affected by tlie possibility that many of the three- and four- 
year-old subjects did not know the names of the colors. In many 
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Ciiscs the I'nvestifrntoi n.imed the colois with the childien before be¬ 
ginning the testing The highest peicentage of positive coloiing is 
found among the Negro childicn The Mexican subjects rank 
next as to positive coloiing The white subjects have a liighei per¬ 
centage of negative after-images than positive ones, but a much lightei 
percentage of otlicr colois are reported bv them than aie leported by 
either of the other two gioiips, If> as Jaensch (10) suggests> voung 
children tend towaid the ‘^unitaiv type" with eidetic images and 
after-images closely related to each othei, then these results indicate 
that between SO and 60 pci cent of the after-images in each of these 
thicc racial gioups weie not true aftei-images but really eidetic 
images 

Eidetic Images 

Figure 1 shows the peicentage of cidetikeis among white, Mexican 
and Negro subjects at the various age levels The highest pei- 
centage of cidetikcis is found at the four-ycai age level among the 
white and Mexican subjects Among the Negro subjects the high- 
e t percentage of eidetikers is found at the five-vear age level 
In each racial gioup the percentage of eidetikeis at the thrce-veai 
age level is nearly the same as that at the six-ycai age level, this 
percentage is exactly the same with the Negio subjects Fifty-foin 
per cent of the Mexican, 84 pei cent of the Negio, and 50 9 pci 
cent of the white subjects reported eidetic images^ 

Table 2 is a summary of the duration, numbei of details, and 
coloring of tlic eidetic images among the thicc lacial groups The 
Negio eidetikers lead both in average duration and average number 
of details The Mexican subjects aie next as to the average dura¬ 
tion, but the white subjects lead them in the avciagc numbei of 
details reported The coloring of the eidetic images almost luns 
parallel to the coloiing of the aftei-images in each of the three 
gioiips, Tlic Mexican subjects lead in peicentage of positive coloiing 
with 84 per cent The Negro subjects have the highest percentage 
of negative coloring A low 33 per cent of positive coloring among 
the white subjects is balanced somewhat by the liigli percentage of 
other colors, achromatic, and mixed colors In those cases where 
no colors are reported the subjects possibly saw a color but would 
not report it, or in their eagerness to desciibe details failed to mention 
color 
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Comparison of the PcRcrNrACE op Wiiirc, Negro, and Mexican Eidetikers 
AT DincRCNT Age Lfveis 

Xablc 3 is a compaiison of the quality of eidetic iiruiE^es amoni]^ 
Mexican, Negio, and white chilclicn at difteiciU «age levelThi^ 
table gives the aveiage cluiation, and the aveiage numbei of details 
of the cojTibmcd eidetic images at the diftcrent age levels Xhe sum 
of the aveiage durations foi each of the thice stimulus pictuies, 
divided by three, shows the aveiage tune of one eidctic image When 
average duiation is used as a cntciion for dcteiinining the strength 
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TABLE I 

Comparison or the Quality or Eidetic Images Among White, Mexican, 
AND Negro Children at Different Age Levels 


// 

Average duiation for 

one eidetic image 

Age 

White 

Mexican 

Negro 

<j yrs 

80 7 

113 7 

120 3 

S yis. 

78 7 

89 2 

133 9 

4 yiH 

64 3 

82 2 

101 6 

3 yis. 

67 3 

80 2 

95 2 

B, Average mimbei of details 

i for one eidetic 

image 

Age 

White 

Mexican 

Negio 

6 yrs 

9,7 

8 

156 

5 yis 

96 

71 

9 5 

4 yrs 

77 

47 

9 

3 yis 

52 

4,5 

7 9 


of eidetic ability, the lowest avcragcb are at the thicc-ycar age levels 
tax the Mexican and Negro subjects, and at the four-year level for 
the white subjects The highest avetage dmation is found at the 
five-ycai level foi the NegJo subjects, and at the slx-yeni level 
foi the white and Mexican subjects. 

The Negio subjects lead in the average number of details at every 
age level except at the five-year level, and at that level they have 
almost the same aveiagcs as the white subjects The highest number 
of details is found at the six-yctjr age level witJi all gioups The 
lowest average numbci of details is found at the thiee-year level 
with all gioups, This low aveiage at the thrcc-yeai level is probably 
due to the small vocabulary of the thrce-yeai-old child 

Tabic 4 IS a comparison of the white, Mexican, and Ncgio sub¬ 
jects with regard to incidence and quality of after-images and cidet/c 
images The Negro and Mexican gioups arc higlier m pciccntagc 
of after-images and eidetic images repoitcd tlian are the group of 
white subjects The Ncgio subjects have a much highci per¬ 
centage of cidetic ability than the other gioups Both Negio and 
Mexican subjects lepoit a highei aveiage numbci of positively 
coloicd aftc.i -images and eidetic images tlian do the white subjectb 

iNDimUAL DlFFERIiKCrS 

Subject 8 among the six-year-old white subjects is an outstanding 
eidetilcci This subject’s total dmation for the three eidetic images 
was 2,471 seconds oi neaily 42 minutes The image of longest 
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duintion was secured fiom the second stimulus picture, which was 
ti sdhouette in colojs of n circus scene Xhe total duration foi 
this image was 1,104 seconds with 64 accuiatc details reported, 

Subject 31, a foui-j^ar-old Mexican child is an outstanding 
eidetikcr m that gioup, but he does not approach Subject 8 of the 
white group either in duration or in number of details Tins sub¬ 
ject also liad an eidetic image of longer duiation from the second 
stimulus pictuie than from the other two pictmes This second 
image lasted 350 seconds His fiist image lasted 237 seconds with 
14 accurate details reported, compared to 13 details leported in the 
second image, 

Subject 42 among the Negro subjects is one of the strongest 
eidetikers in any of the laciiil groups at the thiee-veflr age level, His 
first two images lasted 240 seconds, and 260 seconds, respectively. 
He repoited 22 accurate details fiom the first image and 27 from 
tlie second image His third cidetic image lasted only 120 seconds 
with 10 accuiate details reported, Possibly he became fatigued 
during the last image 

Age Differences 

The low average of number of details leportcd in all of the groups 
at the three-year age level is piobably due to the inattentiveness of 
the three-yeai-old child The attention span at that age level ’s 
considerably shortei than with older preschool children The thiec» 
>ear-old child^s vocabulary is somewhat limited also, Greater rich- 
ness of detail of the images at the six-ycai level in all three laces is 
piobably due to the si\-yeai-old child’s having a somewhat laiger 
vocabulary than the children at lowoi age levels There is not so 
gieat a pioportional diffeience as to aveiage duration of images 
among the six-year-old subjectvS. There is a tendency foi aveiagc 
duration to lengthen with each succeeding age, beginning with the 
three-year level, with an exception in the case of the foilr-vcai-old 
white subjects 

Racial Differencfs 

The Mexican subjects had a lower average of details at every age 
level than the othci two groups There is. a possibility that a 
language difficultv was encountered in the testing situation Al¬ 
though the investigator and the lecorder talked to the non-lLngiish 
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spcakifiK children iit Spanish, they seemed leserved .ibout replying 
in theii native tongue. Many ttmes they wcie obseived to stare at 
the pi ejection scieen, find when asked what they saw» their only 
reply would be, “It^s gone.’* 

'rhe Ncgio subjects not only had more eidetic images tiian the 
other two groups^ but they also led in average duration at every age 
level They led again in the average number of details icported at 
every age level except at the five-yeai level where they reported 
nearly the same number of details as the white subjects. 

There was a decided difference in the icactions to the testing 
situation among the thiec laces. The Negro subjects were able to 
fixate for the after-images and concentrate for the eidetic images 
better than tlie other gioiips at all age levels The Mexican sub¬ 
jects weie somewhat nervous and ill at ease. This last statement 
was particularly true of the youiigci subjects, The white subject's 
attitude tow.ard the testing situation might be described as highly 
expectant. On the whole, all of the subjects weie very coopera¬ 
tive, and their responses showed that the technique was one which 
fitted the understanding and interest of preschool children. 

As determined by the critical ratio of the sigma diffeiences, there 
IS no reliable difference between the average duiation of an aftei- 
image among the white children and that among the Mexican chil 
dren (Table 5) There is no reliable diffeience in the average 
duiation of an aftci-image between the whites and Negroes, nor 
between the Mexicans and Negioes. 

There is no reliable difference between the whites and the Mexi¬ 
cans nor between the Negroes and the Mexicans concerning the 
aveiagc duration of an eidetic image (Table 5) The critical ratio 
of the sigma differences between the white and the Negio cliildicn in 
the average duration of an eidetic image is 5.08, showing the differ¬ 
ence between those gioiips to be a highly reliable one 

As regards the avciagc niimbci of details leported for an eidetic 
linage, the diffeience between the whites and the Mexicans is not 
entirely reliable, thcic aie 989 chances in 1000 that the whites ex¬ 
ceed the Mexicans.. There is a reliuble difference between the 
whites and the Negroes with a critical latio of 3 59. The critical 
latio of the sigma difteiences between the Mexicans and the Negroes 
IS 5.87. The indications arc that the Negroes would always lead 
tile other two groups, both m duration of eidetic images and m 
number of details 
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Summary and Conclusions 

The present stiiclv is an investigation of the incidence nnd quality 
of visunl cidctic images dniong white, Negio» and j\^Iexican preschool 
subjects The puipose of rfiis study was to compare these thicc 
racial groups as to incidence and qwality of visual eidetic images, 
thereby clctcimining the existence oi non-existence of lacial cliffci- 
cnecs In eidetic ability The need foi the present study was ap^ 
parent as no study bad been made of racial diffcienccs with pieschool 
children 

Two hundred eight white children, 50 Negio children, and 50 
Alexican children were examined for after-images and visual eidetic 
images The technique used liad been adapted to examining pie- 
school childic 11 in a preliminary study by Peek and Walling, 

Two tests were given for after-images, and three stimulus sil¬ 
houette pictures were used in testing for eidetic imiiges Eighty-six 
per cent of the white childien^ 92 pci cent of die Mexican childien, 
*md lOQ per cent of the Kegro subjects repoited after-images Posi¬ 
tive after-linages predominated among the Mexican and Negro 
groups Negative images weic slightly more frequent than positive 
ones among the white children, but the childicn repoited a highei 
percentage of acliroinatic and other colois than the other two groups. 

Fifty-foui per cent of the Adexican subjects, 84 pci cent of the 
Negro subjects, and 50 9 per cent of the white subjects reported 
eidetic images Tlic percentage foi the white childien agreed with 
the findings of Peck and Walling in tlieir pieliminary study using 
20 picscliool subjects (23). Cousidciable age differences in eidetic 
ability were found. The highest percentage of cidctikers among the 
Mexican childien was found among the foui-ycai-olds, SI 7 pei 
cent of whom were eidetic. The incidence of eidetic ability was abo 
highest at tlie foiir-yctir level for the white subjects, with 60 pci 
cent at that level icporting eidetic images In the case of the Ncgio 
subjects, the highest eidetic ability was found at the five-yeai level* 
with 92.8 pci cent leporting eidetic images In all three lacial 
groups the percentage of eidctikers at the three-year age level was 
approximately the same as that found at the six-year level 

The tlirce lacial groups wcie compaied as to quality of eidetic 
images The majority of eidetic images were positive in the Mexican 
and Negro groups There were more negative than positive images 
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among the white subjects^ but that group lisid moie other colors, 
achromatic, and mixed colois than the othei two groups 

The Negro subjects ranked highest as to duration of images at 
all age levels They lanked highest as to the average number of 
details at eveiy age level except at tlie five-year level where they had 
nearly the same average as the white subjects, The white subjects 
ranked next to the Negro group in average number of details at 
every age level except the five-year level wheic they slightly exceeded 
them, The Mexican subjects lankcd next to the Negro group in 
duration of images at everj^ age level* 

The leslilts indicate the existence of racial differences in eidetic 
ability of preschool childicn The fact that the Ncgio group not 
only led in peicentagc of eidetic images, but also led the other 
groups in richness of detail and duration of images, indicates that 
they possess a higher eidetic ability' than the White and Mexican 
children. The findings of this study indicate that the Mexican chil¬ 
dren possess a slightly higher eidetic ability than the white children 
Whethci Negro children above the preschool age level would lead 
the other two races m eidetic ability is an interesting study for future 
investigation 
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EXPERIMENTS IN REPETITION AND RECALL’^ 

Medical College of JV/’w Yolk U?i}vemty, and Bdlevue Hospital 


Frank J. Curran, M D , and Paul Schilder, M D 


Part I 

We have studied the pioblem of memory by what wc think is a 
new method Wc read a short story to oui subjects and ordered 
them to icpeat the story again and again until tlicy were exhausted 
and lefused to continue 

This technique was suggested by the expeiiments of Anitra Karsten 
on psychic satuiation, such expeiiments having been previously sug¬ 
gested by Lewin A similar technique has been used by Ploppe on 
suckling babies and by Freund jn menstiuating women Karsten 
diiected her subjects to draw fence pickets on sheets of paper until 
they lost all desire to continue the work The qualitative analysis 
revealed the following features 

At the beginning, the side of a page constitutes a unit of 
effort Later a dissoliuion of the original configuration occurs, 
variability in performance being prominent in the final stages 
Concurrently, errors and loss in quality appe.ir and eventually 
the task loses its meaning. The work not only becomes dis¬ 
orderly and loosely connected, devoid of definite boundaries 
and termini, but bieaks up into little independent fragments 
A larger whole has disintegrated. 

Although Karsten has also used moie complicated patterns, the 
task demanded from the individual i cm a ins simple Furthermore 
no pioblem of memoiy was involved, since the individuals liad a 
pattern before them and the pattern was so simple that it was not 
liable to be foigotten Our own experiments deal less with the 
problem of exhaustion than with the pioblem of ictcntion and recall 
We weie interested to leain which parts of a stoiy would appeal 
when lepeated recall is demanded after one exposition 

Attci various stoiics bad been tiicd out, wc used for the main pait 
of our investigations the following story 

*^ReceJVcd in the Editorial Office on January 27, 1937 
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Olaf Nelson'tiled hcie-lo-dny-of burns suffered-when a 
match i^nitcd-his fit ass skirt-in a hula dance comedy-durinfi 
the American Legion-convenlion-District Attorney-Brown-an- 
noiiJiccd-that he would file-manslaughter charges-against Mr 
Mooic-Mooie'lightcd-a cigarcLte-and tossed away the match,- 
Brown intcrvievved-hfteen witnesses-who said Mooie-deliber- 
ately tossied-llie match to Nelsoii^g costume 

This story which, as the hyphens indicate, consists oi twenty-four 
Items was read slowly and aloud to the subject once. The subject 
was instructed to listen carefully and to lepcat the story as often 
as he could He was told ^‘We want to see how often you can 
repeat the story before getting exhausted ” Wc used 21 subjects, 
They wcie either medical students or student nuises or patients 
who had come to tlie hospital in the state of acute excitement oi 
intoxication but who were noimal at the time when the test was 
taken One case of oiganic memory disturbance, one Koisakoff case, 
and one Schizophrenic case were used for comparison We did not 
study merely the results fioin a qualitative point of view but we 
checked, in every repetition, whether each of the 2+ items weie 
(^) correct, (b) changed, (f) absent oi whether other items 
were added After we had finished the qualitative survey we were 
able to use a more elaborate scheme for tabulation which has been 
applied for the woiklng through of seven piotocols In two of the 
normal cases and in the Koisalcoff case both methods wcie applied 
The follovsing scheme was used* 

I Number of words of the story 
n In the origmnl story 

b, In last repetition 

c. In present repoit 
11, Numbei of added words 

rt. To original story 
b I'o last repetition 
HI Number of omitted words 
a Fioni original story 
b Frurn last repetition 
IV. Phrase substituted by similar phrase 
V. Phrase added to story 

VI Added phrase expressing merely altitude of subject 
a Impatience 
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h Disgust, uncertainty 
c Jokes 
d Rebellion. 

€ Gabby or talkative attitude, 

VH Substitution of ^vord which is a synonym (J) oi is 
similar {B) 

VIII Substitution of a word which has a more general 
meaning 

IX Substitution by a more specific word. 

X Substitution by a more common word 
XI Substitution by n less common word 
XII Perseveiation 

XIII Emotionally atrongei 

XIV Emotionally lighter 
XV Deprecation 

XVI Colloquialism (vulgauty) 

XVII By a more moral word 
XVni Substitution by a less moral word 

XIX Newly <)dded words wbjcli do not substitute utbci 
words 

Change in mdividua] names 
XX Items omitted 
XXI Perseveration of mistakes 
a In individual names 
XXII Correction of mistakes 

a In individual names 

XXIII Reappearance of ornetted words, 

XXIV Reappearance of omitted sentences 

XXV Changes in the place (location) of a word a de¬ 
position (A)i post-position (R) 

XXVI Reversal between two items 

When a change fell into two categoiies, the more impoitant one 
was tabulated. The title of the stoiy was read to the biibjcct but 
no reproduction of this was asked. 

We pioceed in rcprodticiiig one of our piotocols taken from a 
healthy young 20-ycar-ol(1 woman, Eve Sch. 

X'trsi trial Olaf Nelson died today because of serious injuiicb 
he received when liis costuncie was set afire It was during a 
hula dance comedy given by some convention that a Mr Moore 
lighted a cigarette, and thicw the match away The D A 
interviewed about 15 people who said that Mr, Moore purposely 
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ihrcw tile matcb n.t Mr Olaf*s gJ^^s skirt, Mr Nelsons giass 
skirt The DA is bringing some chaigc against him 

Second frini A Mr. Olaf Nelson died last night from aenons 
injuries winch he received when his grass skirt caught afire 
at n hnia dance comedy given by some big convention The 
D.A questioned the guests and about 15 of them “isiul that a 
Mr Moort had deliberately thiown a match at Mr Nelson's 
grass skirt after Mr Moore had lighted a cigarette Charges 
are to be brought against Mr Moore 

riiird trial A Mi Olaf Nelson died hist night fiom seiious 
injuries (pause) after (pause) his grass skiit which he was 
wearing caught afire (I know the story, but I just don’t feel 
good that'*! why I'm hesitating I’ve served six days here and 
I want to go home. I came here voUjntaiily,) The D A, inter¬ 
viewed the guests and IS of them said that a Mr Moore de¬ 
liberately threw n match at Mr Nelson’s grass skiit This 
all took place at a hula dance comedy given by some conven¬ 
tion Chaigcs are lo be brought against Mr Moore 

Foitrrfi trial A Mr Olaf Nelson died fiom serious injuries 
received when the grass skirt ■which he was wearing caught 
afire The DA, interviewed the guests and 15 of thena gave the 
same story 'Ihey said that a Mr Moore, who had thrown the 
match, aftci lighting a cigarette had thiown it purposely at 
Mr Nelson’s grass skirt This nil took place at a party, at 
a hula dance comedy given by a convention So charges ai e 
to be brought against Mr Moote^ (Speaks slowly with long 
pauses) 

Tifth iiiaf Again? A big Swede (jocularly)—a Mi Olaf 
Nelson—died Inst night from serious injuries received when his 
grass ikirt which he was wearing, caught afire. Fifteen of 
ihe guests told the D A that n Mr Moore deliberately threw 
a inatcli at Mr Nelson’s grass skirt Chaiges are to be made 
against Mr, Moore This nil occurred at a hula dance comedy 
given by some convention That's all 

Si\tJf fnal A Ml Olaf Nelson died last night from serious 
injuries which he received when his grass skirt which he was 
wearing caught afiie The D A questioned the guests and 
14- of them said that a Mr Moore thiew the match deliberately 
at Mr Nelson’s grasi skiit Choiges are to be made against 
Mr Moore This all occurred-the accident occiirred-bccaiise 
it might liavc been an accident-at a iiula dance-comedy given 
by some convention That’s all 

Seventh trial A Mr OInf Nelson died last fiam serious 
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injuiics received when the coslumc which he wns wearing 
caught afire The guesta told the D A that a Mi Moore 
threw a match at Mr. OJafs graaa akrrt Charges 
aic to be made against Mr Mooic The accident occurred 
dining a hiila-comedy given by some convention 

Bt(^h(h Enjoy yours€(f I don^c tare. Write fiom now 

to (loomsclny I’m getting a little bit nuts from this Maybe 
they'ie trying to make a mental case of me even though I’m 
not one But Tm getting a kick out of it jmt as much us 

thev aie—A Jew named Freedman is a darned peat always 
giving me tests (good humoredly) A man-n Mr Olaf Nelson 
died last night from injuries received when the costume he wns 
wennng—15 of the guests told the DA that a Mi* Moore 
deliherntely threw a match at Mr Nelson’s costume The 
charges aic being brought up against Mr Moore This—the 
accident occurred in the midst of a hula dance comedj' given 
by some convention That’s all Satisfied-yet? 

Ninth trial* A Mr Olaf Nelson died recently from severe 
burns aftei bn costume caught afire by a match thrown care¬ 
lessly in his diiection The guests told the D.A that a Mr. 
Mooic ihiew the match purposely towards Mi—Mr Nel¬ 
son’s costume. Serious charges are being served to Wi Moore 
The accident occurred while a hula dance comedy was going 
on .it some convention That's all 

Tenth ina} A Mr Olaf Nelson died last night from serious 
jnjiirjcs received when hiS costume cniight afire The gwesis 
told the D A that a Mr Mooie threw a match purposely at 
Ml Nelson’s costume Serious charges are being brought up 
ngninst Mr Moore This aJl occurred .Tt a hula dance comedy 
given by some convention, 

Eleventh tJial (She goes to window) A Mr Olaf Nelson 
died leccntly fioin serious burns which he received when his 
costume caught ahic The guests told tbe DA, that n Mi 
Mooie threw the match purposely at Mr Nelson’s costume 
Serious chaiges are being made against Mr Moore 'I he 
accident occuiied during u hula dance comedy given bv some 
convention, ’S nil 

Tvjelfth fnnt A Mr Olaf Nelson died recently from serious 
Inuns which Jie leceived wlien his costume catrght .'ifire The 
guests told the DA that a Mr Moore purposely threw a match 
.nt Ml Nelson’s costume Serious charges are being made 
against ^^l Mooie The accident occurred during a hula 
dance gi\en by some convention 
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Thiriecnili trial The next day the patient lepeated in the 
following wa>~Mr, Olaf Nelson died I will draw you a 
picture mstcad (Patient draws now the head of a woman 
and refused to go on with the Nelson story ) 

The qualitative analysis can be suitiinarizcd as follows* 

Fust hid Patient uses “set afire” foi “ignited” Forgets what 
cQiwcntinn was mentioned Repeats “about fifteen” and calls them 
“people” instead of “witnesses.” Says that match was “thrown at” 
skirt instead of “touched to” it, and icfcis to tPie victim as ”Mi 
Olaf” (first name) instead of “Mr Nelson ” Cannot remembei 
specific charges being filed Uses “charge” (singulai) instead of 
plum I and speaks of them as being “brought” instead of “filed ” 
Says “serious injuries” foi “burns” and “purposely” for “dclibeiately ” 

Setotul tnab Calk Nelson “A Mr —” Says died “last night” 
instead of “today.” Coricctly uses “dclibeiately” instead of “pui- 
posely.” Calls witnesses “guests.” Remembers to bimg in the 
cigaiette, Otherwise repeats previous mistakes Changes previous 
“set afire” to “caught afire.” 

Third it tab Maikcd delays and resistance Brings in “which 
he was w-earing” Corrects “about fifteen” to “fifteen” Died 
“last night” instead of today (peiscveration) Forgets to mention 
cigarette Still says “guests” for “witnesses” Repeats “caught 
afire.” 

Fomth inal Reverf? to “puiposely” Elaboiates. “interviewed 
the guests and 15 of them gave the same story” Sentence struc^ 
turc becomes involved Lapses* “Tins all took place at a party” 
and then corrects herself saying, “at a hula dance comedy ” Col¬ 
loquialism* “So”— Omits time of death entirely. 

Fifth Uiab Staits jocularly, “A big Swede, a Mr, Olaf Nelson.” 
Perseveration: “Fifteen of the guests instead of “fifteen guests” (as 
previously) or “fifteen witnesses” (coiicct veision). Omits ciga* 
rette. Closes with “That’s all.” 

Sixth tnaL Corrects self on inconsequential point, changing 
“caused by” to “which he received when—” DA, “questioned” 
instead of “interviewed.” Superego sciupulosity—“This all oc- 
curred-the accident occurred-hecause it iniglu have been an acci¬ 
dent-^” 

Seventh trial' Peiscverations, “guests”, “deliberately” j “acci- 
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dent'’ find “seiious mjuiies” Refers to Olaf’s” instead oi 

"Mr Olaf Nelson^s grass skut,” 

Eighth tiiai Patient starts with a good many good humoied 
observations of a subjective naturcj including teference to the testei 
"A man-a Mr Olaf Nelson.*’ Forgets to finish sentence with veib 
for catching fire Variation, "The charges are being brought up 
against Mr Mooie.” "This-thc accident occurred Ends 

with "Satibfied yet " "Injuries" used without "serious" 

trial Uses "died recently" foi "died last night” (coricct 
form "died today”). Variation "by a match thrown carelessly in 
his diiection " "The guests told DA. a Mr. Mooie threw the 
match purposely towards Mr —Mi Nelson's costume ” "Serious 
charges are being” seived to "Mr M,” "The accident ” Num- 
bei of "guests” is omitted "Severe bums” for "burns ” 

Tenth trial, "Recently” is changed back to "last night ” Numbei 
of "guests” is omitted. "This all occurred during , ” Terse, 

“Serious injuries” replaces "severe burns” again 

Eleventh U ml She goes to window "Recently" foi "last night" 
"Sciious burns” replaces "serious injuues” " , a Mr Moore,” 
"Seiious charges are being made. . . "The accident occurred ” 
Ends with " 'S all." Number of "guests” omitted. Terse. 

Twelfth Umh "Serious bums" repeated Number of "guests" 
omitted Terse. Last three versions are almost identical. 

TJwteeiith timl "Mr Olaf Nelson died—I’ll draw you a pic¬ 
ture instead " (Draws a profile of a girl with cuils lesting on 
shouldei ) "Is that Mr. Nelson?” 

Tlic repetition on the next day shows meiely the enormous le- 
sistance which has developed in the patient and persists up to the next 
day 

We have tabulated the results with our two metliods, whicli we 
illustiate in the two adjoining tables (Tables 1 and 2) 

Explanation or the Table 

The left column contains the comparison with the original stoiy. 
The right column contains the compaiison with the preceding icpc- 
tition The Roman numerals indicate the items 
I Number of items correctly repeated 
II Number of items changed. 
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TABLE I 


E S 


— 

1 

n 

III 

IV 

I 

LI 

III 

IV 

1 

6 

14 

4 

2 




1 

2 

S 

15 

4 

1 

6 

12 

3 

3 

s 

13 

6 

8 

14 

4 

2 

7 

4 

+ 

16 

4 

3 

15 

6 

6 

2 

S 

6 

H 

7 

6 

12 

6 

3 

4 

6 

S 

1+ 

S 

5 

14 

3 

2 

3 

7 

4 

13 

7 

3 

13 

7 

4 

0 

S 

3 

IS 

s 

8+13 

13 

6 

1 

5+ 13 

9 

2 

14 

8 

5 

11 

10 

13+4 

4 

10 

4 

12 

8 

2 

14 

6 

3 

0 

!l 

3 

It 

8 

3 

13 

5 

0 

1 

12 

4 

12 

8 

I 

17 

1 

1 

0 


III Number of items omitted 

IV Niiiriher of items added 

The Arabic numerals indicate the number of the trial. 
Explanation or Table 2 

The left column contains the comparison with the original story 
Tile second column contains the comparison with the preceding 
repetition The number in the left corner indicates the number of 
the trial The vertical column of numbers point to the respective 
numbci of the complete scheme* The number of (x) signs indi¬ 
cates the approximate frequency of the change indicated by the 
number, 

A look at these tables confirms immediately our qualitative results 
and gives them a more definite shape. The table concerning the 
items shows that material which was not available for one repetition 
may be available for the next repetition. The comparison of items 
oorrcctlv reproduced in the difterent repetitions shows that con 
tinuous changes take place It is moreover of interest that only m 
the first seven repetitions the number of omitted items shows changes 
and that after the eighth repetition the number of omitted items re¬ 
mains constant It is also noteworthy that after an emotional out¬ 
burst at the eighth repetition the numbei of additions decreases 
steadily. It is furthermore interesting as indicated by the column on 
the right side that the subject has in general the tendency to cling to 
her version of the storv and, of the 19 items produced in the 11th 
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la 66 
It ■= 6+ 

2 ^ 34 

3 — 36 

4 XXX 
9 X 

10 xxxx 
12 x 

20 XX 
26 XX 


In — 66 
lb ^ 94 
Ic — 72 

2 ^ 56 

3 « 50 

4 X 
9 X 

10 XXX 

19 xxxxxx 

20 X 
25h XX 


la 66 
lb ^ 70 
Ic ^ 60 

2 = 38 

3 = 44 

4 X 
9 X 

10 XX 

19 xxxxxx 

20 X 

23 X 
25b X 


la = 66 
Ih = 63 
Jc = 60 

2 = 41 

3 — 47 

4 X 
9 X 

10 XX 
12 XX 

19 xxxxxx 

20 X 

25li X 


2 3 




la = 66 

lb = 64 





lb = 64 

Ic = 64 

la = 66 

lb = 64 



3c ^ 64 

2 ^ 18 

lb 64 

ic = 94 



2 = 34 

3 = 18 

Ic = 94 

2 = 34 



3 =* 36 

‘1 XX 

2 = 74 

3=4 



4 XX 

10 X 

3 -- 46 

6c K 



9 X 

19 XXX 

4 XX 

19 xxxxx 



10 XX 

20 X 

6c X 

23 X 



19 XXX 

23 XX 

9 X 




23 X 

25 a xx 

10 X 




25b X 


19 xxxx 






20 X 






25b X 




5 


6 


lb = 

94 

la = 66 

lb ^ 72 

la = 66 

lb = 64 

Ic = 

72 

lb = 72 

Ic = 64 

lb = 64 

Ic — 70 

2 = 

26 

Ic = 64 

2 = 20 

Ic = 70 

2 *= 30 

3 = 

48 

2 = 40 

3 == 28 

2 = 46 

3 — 2\ 

4 X 


3 = 42 

4 X 

3 = 42 

19 XXX 

19 xxxxx 

4 XX 

6a X 

4 XX 


10 X 


6a V 

6c X 

9 X 


20 X 


6c X 

19 XXX 

10 XX 




9 X 

20 XX 

19 xxxxxxxxx 



10 XX 


20 X 




19 xxxxxxx 


23 X 




20 X 


25b X 




25b X 






8 


9 


lb = 

70 

Jfl = 66 

lb = 60 

la = 66 


Ic ■= 

60 

lb = 60 

Ic = 112 

lb = 112 


2 = 

20 

Ic = 142 

2 = 90 

Ic = 63 


3 = 

30 

2 = 90 

3 = 44 

2 = 40 


10 X 


3 = 44 

4 X 

3 = 43 


4 X 


4 X 

6d xxxxx 

4 X 


20 XX 


6d xxxx 

6e X 

9 X 


25 a X 


6c X 

19 xxxxxx 

to XXX 




10 X 

20 XX 

12 X 




19 xxxxxxxxxx 

19 xxxxxxx 




xxxxxx 


20 X 




20 XX 


25b X 



23 X 


25b X 

11 

lb =^63 la = 66 
Ic =60 lb = 60 

2 = 12 Ic = 56 

3 — 15 2 — 30 

4 XXX 3—40 

20 XX 4 X 

23 X 9 X 

10 XX 
12 XX 

19 xxxxxx 

20 X 

23 X 


lb = 60 
ic = 56 
2—9 

3 = 13 

4 XXX 
19 V 
23 X 


12 

la =. 66 lb — 56 

H, =^56 Ic = 55 

Ic = 55 2 =6 

2 ^ 50 3 = 7 

3 = +1 20 X 

4 X 25n X 

9 X 

10 XXX 
12 XXX 

19 xxxx 

20 X 
25h X 


75b X 
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icpctitian, 17 nte coiiectlv lepeated in the 12th icpctition, only one 
IS omitted One comes to the conclusion that a rather active process 
of continuous cluange and testing comes to a relative rest and a 
stabilized pattern occurs after the eighth repetition Tjic table based 
upon the complete scheme shows, for instance, that the number of 
words omitted from the oiigiiial story increases at the third lepetition, 
but remains almost constant after the foiiith icpctition. At the 12th 
repetition the niimbei of omitted woids is only 41 wheieas the num¬ 
ber of omitted woids in the 10th repetition was 47, The numbei of 
added words goes up with the emotional outburst with the eighth 
icjictition but decicascs also considerably towards the end of the 
expeiimcnt The light columns sliow the same char act eiistics even 
moie cleaily; iri the last repetition, foi instance, only six new words 
are added and seven words of the previous repetition aie omitted 
Of the other items of the general scheme nine and ten aie particular¬ 
ly intciestuig Substitutions of woids by words which aie more 
'^pcLi/ied me infiequcnt in coTiiparison with the substitution of words 
foi words which arc more common Peiseveration is encountered 
much more often towards the end of the senes. Changes in the 
location of words aie common Woids which have been omitted 
may reappear at any time. 

A second protocol may confirm us in the opinion tliat we do not 
deal meielv with chance results in the first protocol discussed 

Rose W., a normal subject, age 27, shows the follovying results 

(0 Olaf died here to-day while doing q hula dance from 
a match touched his slwirt The D A. something— 

{2) Olaf died here to day while doing a inngic dance, 
from n match that touched Iik skirt. The D A said he has 
witness 

(3) Olflf died here to-day while doing a magic dnnee, from 
i\ match that touched lua skiit. The D.A says Kc hus wit¬ 
nesses for something 

(4) Worlof died here to day while doing a magic dance fiom 
a match that touched his skijt while dnneing for sonic kind 
of society or soinctliing 

(5) Some District Attorney or something Worlof died here 
to-day while dancing a magic dance from a match that touched 
his glass skirt 

(6) Worlof or Orlaf died here to-day while doing A magic 
dance from a match that touched hia grass skirt Some kind 
of DA, or something 
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(7) Gracious—Orlof, whoever he is, he died here to-day— 
no—yes—while doing a magic dance—no—yea—a match touched 
his grass *^kirt Fiom a burn—I didn’t say that before He 
was at a chanty ball The D A, said somethitig about witnesses 
Twelve witnesses 

(8) Orlof died here to-dny from a bum while doing a 
magic dance from a match that touched hia grass skirt That's 
as far as I can go I can’t get in that about the DA and the 
12 witnesses I’m uaunlly good at remcmbeiing things, (Patient 
interrupts continually to tell about troubles) 

(9) r have to Liugh Orlof died here to-day while doing 
a magic hula-hula dance from a match tliat touched his grass 
sklit Now, that’s as far as I can go,—D A, and 12 witnesses— 
charity organi7ation, 

(10) Orlof died heie to-dny fiom a burn while doing a 
magic hii(a-h\ila dance from a match which touched his grass 
skirt The D A says that he has 12 witnesses as far aa I 
can remember 

(11) (Sulks) Orlof died here to-dny while doing a magic 
hula-hula dance The D A says he has 12 witnesses, 

(12) Orlof says—Worlof died here to-dny while doing a 
magic hula-hula dance The witness says he has 12 w'ltncsses 
(Subject weeps ) 

On the following day, without repetition of the ouginal stoiy, 
she says “Orlof died here today while doing a magic Imla dance 
from a bum which touched from a match which touched his glass 
skirt. And the D A says he has 12 witnesses that saw him huined/* 


TABLE 3 
R. W 



I 

II 

111 

IV 

I 

11 

III, 

IV, 

I 

2 

5 

17 

2 





2 

2 

7 

15 

1 

8 

1 

0 

3 

3. 

2 

7 

15 

3 

9 

1 

0 

1 

4 

2 

4 

18 

5 

6 

1 

4 

4 

5 

3 

5 

16 

3 

6 

1 

3 

3 

6 

3 

6 

15 

4 

8 

1 

0 

2 

7, 

3 

8 

13 

10 

7 

1 

2 

11 

8 

3 

6 

15 

5 

9 

t 

8 

3 

9 

4 

4 

16 

5 

9 

2 

3 

3 

10 

3 

8 

U 

3 

7 

3 

2 

2 

11 

2 

6 

16 

0 

7 

0 

4 

0 

12 

2 

4 

IS 

4 

6 

0 

2 

1 


NEXT DAY 


WITHOUT REPETITION 


13 

3 

8 

13 

6 

7 

2 

1 

6 
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TABLE 4 
R W. 


la 


66 

ic 

=3 

19 

2a 

=S= 

4 

3 


51 

4 

X 


10 

X 


18 

X 


20 

xxxxxxx 


4 

U> = 27 
Ic ^ 26 
2a 14 

3 -= 53 

4 XX 

10 X 

18 X 

19 X 

20 x?£icxxx 

24 X 


7 


lb 


27 

2 

= 28 

Ic 


49 

3 

= 5 

2n 


32 

6q 

X 

3 


49 

6b 

X 

4 

X 


6c 

X 

5 

X 


10 

X 

6a 

X 


15 

X 

10 

X 


2Ia 

X 

15 

X 




I9a 

X 




21 cl 

X 

10 



lb 

:s= 

37 

2 

= 2 

Ic 

=s; 

29 

3 

= 9 

2n 


7 

6 

X 

3 


59 

20 

X 

7 

X 


21 

xxxxxx 

I9tt 

X 




20 

xxxxxxx 



13 (NEXT DAY) 

lb 

=Si 

21 

3 

= 20 

Ic 


36 

21n 

X 

2 


20 

23 

XXX 

3 


51 

2+ 

xxxx 

4 

XXX 



7 

X 




19 

XX 




19a 

X 




20 

XXXXX 




lb == 19 2 = 6 

Ic ^ 24 3 == 1 

2a — 4 8 x 

3 = +9 19 X 

4 X 

X X 
10 X 

20 xxxxxxxx 

23 X 

24 X 

5 

lb = 26 2 = 5 

Ic = 23 3 = 7 

2 -- 11 15 X 

3 = 54 Zl XXX 

4 x\ 24 X 

8 X 

15 X 

19 X 

20 xxxvxx 


S 

lb = 49 2 = 22 

Ic = 46 3 = 20 

2 = 30 6 XX 

3 = S3 21 

6a XX 21 a K 

8 X 20 XX 

20 xxxxxx 


11 

U) = 34 2b = 0 

Ic = 20 3 = 1 + 

2a = 3 21 xxxx 

3 = 60 20 X 

7 X 

10 X 

19c \ 

20 xxxxxxx 


lb = 2+ 2=3 

Ic = 27 3 = 0 

2—7 21 
3a = 49 
4 X 

8 X 
10 X 

19 xxxxx 

20 xxxxx 


6 


lb 

= 

23 

2 

= 

7 

Ic 

= 

27 

3 

= 

0 

2 

= 

15 

10 

X 


3 

= 

54 

15 

X 


4 

XX 


19 

XX 


8 

X 


21 

X 


IS 

X 


26 

XX 


19 

X 





20 

xxxxxx 






9 




lb 

= 

46 

2 

= 

6 

Ic 

= 

37 

3 

= 

13 

2 

= 

16 

6nc 

X 


3 

= 

53 

r 

X 


6a 

= 

XX 

21 

XX 


7 

X 


23 

X 



19a x 

20 xxxvxx 
23 X 


12 

lb = 20 2 =1 

Ic = 21 3 = 2 

2 = 4 20 X 

3 = 55 21 xxxxxx 

17a X 25 XX 

19a X 
20 xxxxxx 
25 X 
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We mav omit the qualitative analysis and jiiocccd iminediatch 
with the discussion of the tables (3 and 4) It is chaiacteristic that 
whereas in the /list foui repetitions only two items are conect, the 
number of correct items finm the fifth to the ci£ht]i repetition Is 
three and that the ninth repetition even four items are correctly 
reproduced. At the eleventh and twelfth repetition the number of 
conect items diops again to two, but rises up the next day to three 
The number of omissions is least in the seventh and tenth repetition 
Also, this subject has a greater tendency to stick to her story and the 
number of items taken over fiom tlie one story to the other rises even 
to nine m the eighth and ninth repetition The diop in the last 
two repetitions is evidently due to the emotional factois which pro¬ 
voke her crying It seems that lier emotions dcstioy the compara¬ 
tively stabilized pattern she had reached between the eighth and 
tenth lepetitions 

The complete scheme gives a better insight into the pioccsses going 
on The number of words omitted from the original story remains 
quite constant, but the number of added words is continually de¬ 
creasing Substitutions of words by words with a more general 
meaning are common, as are substitutions by words which aie more 
common Individual names are changed. Sometimes more moral 
words aie used Sometimes synonyms aie used 

Perseveration of mistakes plays an cnoimoiis pait We icpioducc 
m the appendix several more protocols which merely empliasize the 
principles that wc have discussed, as we used this method in a com¬ 
paratively large senes of cases. 

Discussion 

When the story has been icad to the individual an impression must 
have remained This impression is the basis for the lecall Accouling 
to our experimental pioceduio all recalls have to go back to this 
primary impression Wc mav call this impression the memory trace. 
It IS easy to see that evei}^ recall is diffcient fiom the pieceding one. 
We may foim the opinion that the trace remains constant and that 
every recall bungs different sides of the trace into appearance. It 
does not seem vciy likely that the trace should be stabilized It is 
much moie piobable that the trace itself undergoes an organization 
and that the recalls meicly register the organization wJiich takes 
place. It IS tiue that the experiences of psychoanalysis make it very 



176 


lOUUKAL, OF genetic PSYCHOLOGY 


probable that tiaccs have a much g;rc*ater stability than one usually 
supposes. The jjsychoanalytic method can unearth traces based upon 
experiences in very eaily childhood. Memory consists, as Freud has 
emphasized, of two different systems' the one system letaming the 
trace in its original foim, the other system consisting of an elabora¬ 
tion of the original trace by condensation, transposition and symbol¬ 
ization. Experimental studies by one of us (Scliilder) have led to 
identical conclusions. The gieat peibisCcnce of original traces ap¬ 
pears also in cxpcrjincnts in hypnosis m which seemingly forgotten 
material can he brought forward The trace and its recall can be sep¬ 
arated from each other but only aitificially It depends upon the 
total situation which part of the memory material can be utilized 
Wc come, therefore, to the conclusion that wc deal in oiii experiments 
not only with cliangos in the recall, but also with changes in the 
organization of tiaccs. Our experiments show clearly that a change in 
the trace from repetition to repetition does not consist merely of a fad¬ 
ing of the tiace and the lessening of its elHcicncy, It occiiis in our 
protocols again and again that words and sentences which were not 
available at a previous recall become available at a latter recall. Even 
from one day to another an improvement in tlie recall may take place 
Tlie change is insufficiently described by the mere hint of quantita¬ 
tive changes in the tiace To be true tlieie aie some general charac¬ 
teristics. The greatest loss in the efficiency of the trace occurs very 
often in the beginning during the fiist, second and third recall. How¬ 
ever, even the first recall shows already signs of a very active mental 
process. Phrases arc substituted by similar phrases, wo ids are sub¬ 
stituted by synonyms, by more general or by moie specific terms and 
by words which are moie or less common All shades of emotion 
express themselves in the series of recalls in the choice of words, It 
IS obvious that a total personality is involved in the processes of the 
oiganizatfon of phrases in which the veibal foimulation plays a veiy 
important part. With the continuation of the recalls it becomes 
obvious that the individual who has once organized a trace has a 
decided tendency to stick to this oiganizatlon which originates seem¬ 
ingly fiom the individual attitude The nglit columns of our tables 
show clearly how much the individual intends to stick to his version. 
We may speak about pciseveration, In all oui protocols the indi¬ 
vidual tends to conne to a relative stabilization of the process of 
oigamziiig the traces It is obvious from our piotocols, especially 
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fiuin tile right columns, tliRt the activity of the organization dimm- 
ishc3 and the changes become rathei stabilized A definite pattern 
IS formed. This pattern is only relatively and not absolutely stable 
It seems that the individuals are rather willing to go on with lepe- 
titions until this pattern is reached, and that then unwillingness to 
go on IS very closely related to a definite formation of the pattern 
The emotion and tJie or^finlzation arc mciely two sides of the same 
fundamental process 'which leads to saturation We deal with a 
process of great activity which, according to our opinion, merely 
reflects what is going on with every tiacc. The memory tiaccs in 
these experiments show also veiy clearly the foices which are para¬ 
mount in Verbal development and veibal formulation We found 
an outspoken tendency to substitute specific and laic woids by more 
common woids. There is a leveling tendency in language 

Part II 

We were interested to compaie the results obtained in normals 
with the results obiamcd m pathological case'? Table 5 lepresenrs 


TABLE 5 
Hrirn M 



I 

II 

III 

IV 

1 

II 

in 

IV 

1 

0 

9 

15 

20 





2 

0 

0 

24 

46 

0 

0 

9 

44 

3, 

0 

5 

19 

53 

24 

5 

24 

21 

4 

0 

0 

24 

112 

to 

5 

5 

39 

5 

0 

0 

2+ 

48 

s 

8 

66 

16 

6 

0 

0 

24 

25 

0 

0 

32 

IS 


matciial fiom a schizophrenic girl It is obvious from one look at 
Table 5 how little the patient is intciested in the material offered 
to her and aftei the third repetition no item of the story is utilized, 
not even in a changed way. The patient still lemains interested m 
her own pioduction and 40 items are taken over from her third 
repetition to her fourth icpetition, but eventually she does not even 
keep up the inteiest in liei own stuiy. We leprotlucc the first and 
the fifth icpetition. 

Fi*st Mr Mooie has deliliRi ately lef a match toss 

away and set 5-tf people on fiic That was in San Francisco 
T helieve he’s still in j.iil yet I believe that Mr Moore the 
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J7<S 

Distiict Aitnnicy oidcied the inveslipation to keep him in 
jail for tossiiiR a mnich and scltmg n bomb and killing ao many 
people I can’t mcmoiize that It's impossible I’m giving my 
itatcmciit as far as ivJiat you said 

Fi{tfi tna! I don’t even know the man I am just guessing 
m my own rniiul What’s the idea of doing this? Just to pass 
the time I don’t know nny more he is out of office six years 
I remember the train, the bomb and he being arrested three 
hours ifUr He was 17 yearb in jail Oh yes, I think lie was 
married I believe on account of the people accusing him it 
was because of lus wife and home, He was a pretty young man 
when he went in but hr is pretty old “bugger" now^ but stiK 
he is able to hold a job in the bank ,'iiitl support ins family 
No more now I have to heat it 

Tins 15 a clcai cut instanue of i\.\\ mdivulual who is less inteiested 
111 the recall of the tiacc than in expressing her own emotional trends 
More lelcvant to the topic arc the lesults in cases with memory 
dii»turl>anccs on an mganic basis We add a piotocol of a 42'year old 
woman with severe iricmory disturbances of an oiganic type The 
iiatuie of the oiganic piocess from which she was suffering could 
not be asccitamed. The patient showed no tendency to confabulation 
The story had to be icad to hei two times befoie she could be in¬ 
duced to repeat the story. 

1 Olaf Nelson died fiom burns fiom a lighted match 

from his skirt 

2 Olaf Nelson died from burns fiom a lighted match 

from his skirt. 

5, 4, S Repetiiiojis arc tdevUcal tn sPitc of the urging of the 
eypenmenter 

6, 7> 8, and 9 Re petition for his skirt is subsiduted by to 
bis skirls 

Ifler the nniih lepetitton the patten/ complains It i-s hard to 
repeat It when voii merely bear it 

The patient is now ordered (o read the sioiy heiselj aloud 

The tenth lePetition, however, tf sidl identical 

/It the eleventh lepetttton, ike patient adds, Moore died from 
the burns of a match lighted in a dance comedy hall 

12 Wilson, what’s bis first name, Olaf, Odolf Wilson died 
from burns from a match that lit his skirts, 

13 Odolf Wilson died from burns of a match that Jit his 
skirts in a comedv dance hall 
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14* Identic^} 

15 I den I teal hut omrts jii n comedy dsnee haJl 

16, 17 Idejitical to 75 

18 Olaf Wilson died from burns from a lighted match to 
his Blcirts 

19 to 24 Ideniicftl 

25 The examiner tells hei take your tunc, tcH the whole 
story The patient repeats and adds, that occurred in a comedy 
dance hall Asked whether her repot f u coi red she says 
Wilso/i comes in somewhere. 

26, 27 Ideiiiical to 24- 

28 She adds In a comedy dance hall Urged ^whether the 
story ts complete she adds. Who is this, who Was produced; 
manslaughter, he was chaiged with manslaughter? 

29. Identical Patient adds I was thinking who was charged 
with manslaughter Wilson was it, was u not? He was the 
cause of the matches, manslaughter that is more of a hit, 
more of a fight 

The patient is given an houi pause and repeats then the stoiy 
as follows. 

Adolf Wilson died fiom burns that set his skirt on lire 
It occurred in a dance hall (IIow did that happen?) He evi¬ 
dently had something cxplodable about his clothing. The matclica 
exploded and the skirt got on fire That occurred in a dance 
hall academy (What did the other people say?) Wilson wa« 
chaiged with manslanghter (Who charge him?) Ofliclal-s 
I presume (The patient does not think she has memory de¬ 
fects ) 

Since tile technique of examination had to be changed m this 
case, we have icfrained from tabulating it. The peiusal of the 
protocol shows veiy clcmly that the same processes which go on in 
the normal arc piesent, too, in the pathological case hut merely ui 
an exaggerated way. It is p.irticulaily obvious m this case tliat a 
definite pattern is prematurely foimed and then kept with a great 
tenacity, but individual names, words, and items are also ladicallv 
changed It is also obvious that it depends on the circumstances how 
much of the existing tiaces can be utilized by the patient, 

We come to the conclusion that the pattern foiraation piescnt also 
in the normal can be accelerated in cases of oigamc memory dis¬ 
turbances Many of the othci changes aic qualitatively identical 
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With the changes which take place in the noimal but they arc more 
outspoken, We have, furthermore, studied in detail several cases of 
Korsakoff’s psychosis. Wc leproduce tlie protocol of one of these 
cases (1 able 6). The table shows very clearly that the patient has 


TABLE 6 

J ^ 



L 

II. 

III, 

IV 

I 

II 

III 

IV 

L 

1 

2 
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1 
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21 

17 

9 
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1 

10 

14 

1 

2 
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22 
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3 

3 

14 

16 

1 

2 

21 

2D 

% 

5 

5 
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retained only veiy little of the original story, but still after the 16th 
repetition one item is stfll correct and two are changed A great 
productivity in pioducing new items is obvious when one looks at IV 
on the left column The column on the right side shows very clearly 
that the patient has a gieater tendency to stick to the items he has 
invented himself 

Tile tabulation with the complete scheme cannot give a definite 
idea of the men ml pioductivity of the patient and wc omit, theiefore, 
Its reproduction, A pait of the protocol is here reproduced: 

Ftrs( trial A lunn named Nelson attended a hwla dance and 
while thcie lighted a cigarette After taking a puff of the 
cigarette he delibciatclv threw the remnant of the partly smoked 
cigarette into the crowd—not deliberately He misjudged the 
duection wheie he stood and Che outer edge of the spettators 
What happened, I don’t know. How would you finish it? The 
police were called who sent hurried calls for ambulance and 
those badly burned were rushed to the hospital The man who 
threw the clgaiettc butt was taken to the station house for 
exnminaiion for Insanity IIis name he said was John Nelson, 
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age 38, living at , and , 1 am making this up, father 
of thiee children 

Third (riat Harry Nelson, 28 or 38, is undci arrest to-day 
charged with throwing a lighted match butt into a throng of 
spectators I have said that before He was hold for examina¬ 
tion as to insariity He is a well-known resident of hift com- 
munity » . , I have said that before 

Ninth trtaL In repeating for the third time under protest 
Hairy Nelson, 20 years old, a resident of the district was ar¬ 
rested tor thiowmg a lighted butt into a crowd of spectators 
, I am unable to say word for word what I said Into 
further vcisions of Nelson's act, I have made a note 

Efeveuth triaf, The palie?ti protests again moorously agniiisi 
coiitinuing John Nelson is under arrest to-day charged with 
throwing a lighted cigarette butt and match into the midst of 
of a nearby crowd gathered to listen to him oi to another 
lectiiier 

Fifteenth hial* The patient pioiests again vigorously say¬ 
ing j In Bellevue Hospital the doctors arc more crazy than any¬ 
body else in the observation world John Nelson, 28 years old, 
a resident of this neighborhood, is arrested to-day, charged with 
throwing a lighted cigarette butt and match into a crowd of 
spcctatois. To-day he is held under arrest tnnd held for ob¬ 
servation 

/^fter the 16th lepeliiton the patient protests again vigor¬ 
ously. Do you like to tell the same story twice? He continues 
affei n pause of ten viinntes and repeats novs the story as 
follo^os John Nelson, age 28, under arrest lo-dny charged with 
throwing a match into a ciowd of spectators He was held 
for police and observation {The patient Is a nev^spaper man,) 

Studying such a piotocol carefully one will find that traces arc 
formed al'^o by these patients In the different ti ials diffcient parts of 
tlie tiaccs aic utilized. The pattcin foiniation is rathei obvious^ 
In some of his picvious protocols pattern, foimation was ovei- 
shadoived by a wealth of new details invented bv him, but could be 
iccognized too 7^1ic variations and swings, the antcpositions, post¬ 
positions and substitutions found in the nourral can be found liere, 
too; the swings arc more outspoken here however. Peiseveration sn 
closely related to pattern tormation plays an inipoitant pait It is 
obvious that wc deal also in this case with a veiy active process of 
oiganization 7^his organization is much more determined by the 
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individual attitudes of the patient than by the chaiacter of the ma¬ 
terial. We know from other studies that in cases of this type a ten¬ 
dency exists to take everything out of a story which might be offen¬ 
sive. There is a tendency to a happy ending Furthermore tlie in¬ 
dividual experiences are mixed with the objective pattern. It is 
obvious that any attempt to characterize such a process merely as a 
difRcuUy in retention is erroneous One deals with processes of or¬ 
ganization which arc, in comparison to the normal, accelerated and 
exaggerated One gets the impression that the processes organizing 
the trace arc less controlled and more undci the influence of the 
individual attitude of the patient. 

Conclusion and Summary 

Wc have read to a great number of normal subjects a story once 
and have asked them to repeat the storv until they were exhausted 
and refused to go on. Besides the omission of wo ids and items, the 
following changes were observed: A phrase is substituted by a similar 
phrase; n phrase is added to the story; phrases are added expressing 
attitudes of the subject (impatience, disgust and uncertainty, and 
jocular, rebellious and gabby moods), substitution of a word, either 
by a synonym, or by a word of a similar meaning occurs; substitution 
by a word with a more general or more specified meaning is noted, 
substitution by a more or by a less common word, or substitution by 
an emotionally stronger or weaker word or substitution by a more or 
less moral word arc observed There were also perseveration of 
words and phrases, especially of mistakes Colloquialisms and de- 
preciativc terms were used Individual names undervs^ent the same 
changes New words were added which did not substitute any othci 
words, Words and items were omitted In the scries of trials words, 
individual names and items once omitted latei appeared Mistakes 
were corrected. Changes in the location of words and phrases in the 
sense of anteposition and postposition took place. These changes 
arc not merely due to the fact that recalls are demanded, they indi¬ 
cate a process of the oiganization of traces. The change in the trace 
from repetition to repetition does not consist merely of the fading 
of the trace. One deals with a very active mental piocess in which 
the total personality and its problems are involved An organiza¬ 
tion of the trace which once has been developed has the tendency to 
persist and a relatively stable pattein is formed When the pat- 
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tern is formed individuals become unwilling to go on* The emotion 
and tile organizations aie mciely tw^o sides of the same fundamental 
process which lends to saturation. The piocesses dcsciibed are piob- 
ably processes which take place in every trace and aie of importance 
for the understanding of changes in the use of woids. In cases of 
organic disturbances in the memory function, the processes or organi¬ 
zation of the trace arc accelerated and cxaggciated. They are less 
controlled by the trace as such and moie under the influence of the 
individual attitude of the patient These distuihances cannot be 
understood merely as defects in retention and in old memories 


APPENDIX 

Explanation of the Table 

The left column contains the comparison with the original story. 
The right column contains the comparison with the preceding repeti¬ 
tion The Roman numerals indicate the items. 

I. Number of items correct! 3 ^ lepeated, 

II, Number of items changed 

III Number of items omitted 

IV. Number of items added. 

The Arabic numerals indicate the numbet of the tiial 
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Explanation or the T\ble 

The left column contains the companion with the original vStoi}^ 
The second column contains the compaiison with the preceding repe¬ 
tition The nunilicr in the left comer indicates the number of the 
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trial The 

vertical column of numbers point to the respective num- 

ber of the complete scheme The number of (x) signs indicates the 

appioximate frequency of the change indicated by the number. 
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'FHE MECHANISM OF VISION. XIV VISUAL PERCEP¬ 
TION OF DISTANCE AFTER INJURIES TO THE 
CEREBRAL CORTEX, COLLICULI, OR OPTIC 
THALAMUS’*! 


Udfvani Umveisiiy 


K S, Lashley 


In several studies dealing with the functions of the aica stnata 
of the cerebral cortex of the rat abnoimal behavior was noted in 
animals subscqiientb^ found to have sustained accidental injuiies to 
the supeiior colliculi in addition to the lesions withm the stnate 
cortex. The primaiy symptom in those cases was a gieat leluctancc 
to jump in tests for detail vision which icquired them to cioss a 
20 cm. space. In two expciiments (Lashlcy, ^31 ; LashLcy and Frank, 
^34) about 10 pei cent of the animals could not be induced to jump 
after opeiation, and this hehavioi proved to be ceitainly diagnostic 
of invasion of the superior colliculi Layman (*36) undertook a 
S 3 ’'stefnatic study of detail vision in animals with lesions lestnctcd to 
the supciior colliculi He found that, when finally trained to jump, 
such animals showed no clistmbance in ability to distinguish simple 
visual patterns 

Evidence that movements of ocular convergence are influenced by 
a centei in the superior colliculus (Bechterew, W) suggest that the 
disturbance in jumping might be due to interference with fixation and 
the perception of distance,^ To test this a study of reactions to visual 
distance by animals with injmics in the optic thalamus and midbrarn 
has been earned out Analysis of lesions produced in attempts to 
destroy the colliculi and optic thalamus levcaled invasion of othei 


'■Received in the Editonal Ofhee on Felmiaiy 1, 1937. 

^7'hcse cxperijncnts were cojni>lelctl ai ilie Univeisjtv of Chicnijo and wcic 
aulttl bv a grant from the Otto S A Sprague Memoual Institute 

■lij (hscusiinjj tlic connections ot the optic thalamus of highei forms 
Blou^vcl (’27) has stated that, “7 he connection of the pulvmar with the 
gsrub nngulans makes it possible that it has something to do with the 
movements of the eye muscles and with the higher visual functions (stereo¬ 
scopic \ision, the recognition of the lelative and absolute distance)” Al¬ 
though the pulvmar is not dc\ eloped as a distinct hlructure m the rat, Cl.irk 
('32) considers that its hamologue is the pars posterior of the lateral nucleus, 
to \\hjch therefore similar functions may he ascribed 
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thiilanifC nucietj espcci.iJJv of tlie vciitr.ii a«ti lateral groups It 
tlicicfoic ncccssaiv to contiol the effects of such injuries Since tliese 
nuclei undcif^o virtually complete letiogiade degeneration after de¬ 
struction of tlicir cortical pjojcction fields, the most feasible method 
of testing then function in dcptli pcjccption was by destiuction of 
cnitical areas, A iiumbci of animals with coitical lesions outside 
of the visual aicas ueic theicfore tested in depth perception and 
their biains weic analyzed foi rctiograde degeneration in the 
thahinuis 

Methods 

The apparatus of Laslilcy and Russell (’3+) was used to dctci- 
nunc the accuiacy of depth pciception, This apparatus rccoids the 
liori/ontal component ot the force excited by the rat m jumping 
acioss a vaiiable gap to a platfoim which presents only visual cues 

Noiinal pigmented lats wcic tiained to jump and given five piac- 
tice jumps at each 2 cm iiiteival fiom 20 to 40 cm , to i educe piac- 
tice effects in latei tiials This practice was followed by an initial 
test SCI ICS to determine accuiacy of disci imination The test senes 
consisted of five jumps at each centimeter iiiteival fioni 20 to 40 in¬ 
clusive, '^riie distances in successive, trials weie vaiied in irregulai 
order such that longer and shortci distances were alternated and no 
two consecutive distances diftcied by less than 5 cm Twenty^onc 
trials, one jump at each centimeter interval, were given daily foi 
five days 

Aftci the initial te^t series the animals were subjected to an opeia- 
tlon involving iiijiiiy to the optic thalamus or colliculus, oi to the 
cciebral coi tex u\ the contiol group Two weeks after operation 
a second test seiics like the first was given, altei which the animals 
were brought to necropsy Compaiison of the pre^ and postoperative 
scoics gives a mcasuic of the loss or gain in accuracy subsequent 
to tile operation 

Sconuff, A rank-diftcicncc method was used foi scoring the le- 
suit^. The aveiagc foice for tlic five jumps at each distance was 
computed * The avciages were aiianged in rank order of magnitude 
and the ranking compared with the rank oidci of magnitude of the 

The use oi five tnals ns a basis of comparison js purely ,arbitrajy Since 
chance variations in motor adjuhtmeiU affect the score, it is obvious thnt the 
apparent accuracy will increase witb the iiumbei of trials included in the 
average’^. 
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(listfinces The sum of the diffcicnccs in ia.nk Wfis taken as 

a jncflsurc of accuracy. These figures may be iiitcipieted loughly 
m terms of diffeiential sensitivity by reference to Table 1 Avhich 
gives tlie best and poorest scores made in the tests The best score 
icprcsciits an aveiage displacement in oidcr of about one 
place which is what would be expected, if the liinen lav between 1 
and 2 cm , as Russeii (T2) determined ft foi normal aiiimals bj 
(ithci mctliods of analysis Computation of the average score foi 
2 cm intervals for this animal gives a perfect correspondence of 
force with distance 

Tlie poorest hcoic (^//a= 86) icpiescnts an average displacement 
of four intervals or an average liinen of about 4 cm, Averaging 
the force for 3 cm intervals gives one icvcisal of Older (at the great¬ 
est distance), or a thicshold below 3 cm over the greater part of 
the langc 

Even the tvoist scoie is far bettei than cliancc which gives a Bguie 
above 200 for S^a, so that in all the tests theic is evidence for dis¬ 
ci imination of distances Rank order corielations between force 
and distance have also been computed and are given for comparison. 
For postoperative scores they lange from 0,64 to 0,98, showing m 
another way a significant differential sensitivity for even the worst 
cases 

Opefaif 07 t Operations were performed under ethei anesthesia 
The ccicbral lesions were made with thermocautery For destruction 
of the coIJiculi and optic thalamus a small bephinc hole was made 
in the parietal bone of each side neai the occipital angle A thin 
knife was passed tliiough the longitudinal fissiiie in an attempt to 
undcicut the superficial structures of the thalamus oi midbrain roof. 
This approach usually involves a slight injuiy to the innei margin 
of the liemispheic in the projection field for the lateral and antero- 
vcntral thalamic nuclei, but such lesions alone have not been found 
to disturb visual reactions to distance. 

Recoftsirnciiom Seiial sections of the hiains wcie prepaied and 
stained with thionm. Camcia drawings of the sections showing m- 
juiics were made and fiom these the dimensions of the lesions weie 
tiansfericd to the diagrams icpiocliiccd in Plates 1 and 2. The 
ccicbral lesions weie plotted by the usual methods of graphic iccon- 
stuiction The lesions in the optic tlialamus and colliculi were pro¬ 
jected on the diagiam shown in Plate 2 which is from a cameia 
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PLATE 1 

Diagrams of the Ceredrai Lesions from First Experiment 
Numbers of figures correspontl to niiinberii assigned to animals in tables 
2 nrtcl 3 
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PLATE 2 

D MGR A Mi 07 SunCORnCM Lb3I0V5 IV THE CaSES b FVDIED 
The oiilhne rcprcscnis tlie llialamus, tectum, and medulla in proportions 
taken froTTi n cninern drnwing Complete destinction of surface structures is 
indicated In solid black, undercutting by stippling, and undercutting with 
degeneration of overlying slniclures by hatching In practically nil cases the 
cuts extend downward from the nrcas of superhcial injury nt an angle 
of about 30 degrees. The nwmbermE of the fie^ncs corresponds to the num¬ 
bers of the animals tn Table 4 
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drawing of a dissection of tlie thalamus and midbiam In these dia¬ 
grams destiiiction including the full depth of the optic stiuctuics 
IS indicated in black, deep mjuiv with dcgcneiation of overlving tis¬ 
sues bv hatching and deep imdeicutting by stippling The lesions 
in sections appeal as lines of scai tissue passing latciad and vcntiad 
at an angle of about 30 degiecs fiom the houzontal Then chaiactci 
IS dlustirited in text Figiiie I, 

Thr Effects ov Cerkoral Lfsions 

Ten i.its wcic tested foi depth peiccption, subjected to operatioii 
on the cciebial coitex, and retested 10 days aftei the opciatioii, 
Then scoics are given in Table 2 and the icconstiuction of the lesions 
m Plate E Aftei the tests the biains were sectioned and analyzed 
for letiogiade dcgcneiation in the thalamus The condition of the 
thalamic nuclei is summarized in Table 3, The terminology of 





StMIblAGRAMMATIC SK^TCII^b OF SECTIONS THROUGH THF' RrClON OF MAXIMAL 

lNjuR\ IN Four Rfi'Kesfxt\tive Cases 
Nuinhcis 13 and 20 made the worst postoperative scoies Numbers 18 and 
21, VMtli ^icntci involvement of optic stmctuies, made normal postoperative 
‘•cores 
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I ABLE 2 

FrI - AND PobTOPCRATiVE ECCORDS OI< CoRlUTATlON OF FoRCl WITH DISTANCE 

FOR Animais vvnu Cfrcdrai Lesions 
Slim of deviations of older of Force, laiik order correlation of force 
ivitli distance Under ^‘lield^* the locus of the lesions is indicated in teims 
of Fortuvn’** areas 
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nuclei 


In carlici unpublished studies we have found that lesions which 
involve the lateial poitions of tlic striate areas senoiislv disturb or 
abolish reactions to visual distance The results foi othci areas, sliown 


TABLE 3 

Thaiamic Nuci pi SiiovviNR Degeneration in the Animals with Ceredral 
Lesions whose Records arc Given in Tadie 2 
«, nucleus normal, -h, nucleus severrlv degenerated, ±, glionis with some 
cell loss, some increase in glia witli neurons apparently normal The 
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in Table 2, arc (iiiltc LOiibistcnt Extensive lesions Lovciinjj; the ckt- 
tiostimiilabJe areas (ff* of Fortiiyn, M4) abolished the icaction Tlie 
animals with such lesions, Numbers 1, 2, and 3, wcie tested daily 
for t\\o months aftci opeiation but could never be induced to jump 
The thalamic nuclei dcgeneinted wcie the same in all three cases 
and included the anterovential, the antciomcdial, the ventral antciioi, 
the ventromedial 

Lesions in Field which Foituyn intci preted as scnsoiy (tactilc- 
kincsthctic) had no effect upon the reaction In Numbers 4 and 5 the 
lowei portion of this area was desttoyed without significant reduc¬ 
tion m accuiacy of jumping The nuclei degenerated were the ven- 
trolateial, the aicuatc poition of the ventral, the centium medmnum, 
and the medial geniculate, this last thiougli intenuption of the audi¬ 
tory radiation In Numbers 6 and 7 the doisal parts of Field / \\nth 
the caudal pait of the inotoi aiea wcie destioved The thalamic 
degenerations characteristic of lesion in this region were in the an^ 
terovcntial and lateial anterior nuclei No decrease in accuracy 
was pioduced 

The third area explored was Field p of Fortuyn, in Cases 8, 9, 
and 10 Number 8 showed no decrease in accuiacy after operation 
In this case theic was complete degeneration of the right lateral geni¬ 
culate nucleus, pais dorsalis, and of the dorsal and lateijil portions 
of the left, piohably lestuctmg vision laigely to the right inferior 
nasal quadiant (Lashlcy, *34, Figuie 6). Both medial geniculate 
nuclei and the pais posterior of both lateial nuclei showed severe 
dcgenciativc changes. The biain of Numbei 9 was lost, but a sketch 
of the suiface extent of the lesions made at neciopsy shows a location 
and extent similar to those in Numbci 10 The injury must have in^ 
volved the greater pait of the optic ladiations In Number 10 the 
optic raduitions weie mtcriuptcd and both latcial geniculate nuclei 
completely degenerated. Detail vision was theicfoic absent 

Sutnmai \/ In this seiics of cases disturbance of reaction to visual 
distance appeared only aftei severe damage to the optic ladiatioiis or 
destruction of the frontal coitex within the limits of the clcctiostimul- 
ablc areas for the neck and fore legs In cases wliicli showed no 
significant disturbance of depth perception sevcie oi complete degen¬ 
eration of the following thalamic nuclei occuned: antcrovcntral, 
ventrolateral, aicuatc, ccntium mcdianum, aiitci loi and posterioi 
parts of the latcial, and the medial geniculate The lateial nuclei and 
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TABLjE 4 

The Graduation of Force in Jumping with Distance to dp CovtRED depore 

AND AFTER LesIOMS IN THE REGION OF TUB OPTIC ThAI AMUS AND COLLlCULl 
Tlie relation between tbc variables is expressed an the sum of the deviation'^ 
of the rank order of force and distance (Srf\) and also as the correlation 
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TABLE 4 (^confnutcd) 
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meclml geniculute nuclei ah^.ivs contained some noimal cells, tlie 
othcis gcneiall)^ showed loss of all ncivous elements We may thus 
conclude that none of these nuclei plays significant lole in the 
contiol of sensoriinotoi leactions to visual distance and that acci¬ 
dental invasion of them in attempts to dcstioy the optic thalamus can¬ 
not he held icspomsiblc foi ieduced accinacv In this pcrfoimance 

The ErrECTs of SuncoRTic\L Lesions 

Of the animals in which subcoitical visual sliuctuies wcie destioycd 
three weie discarded one because of an injuied foot, one because of 
extensive lesions m both latcial geniculate nuclei, and one on account 
of an infected wound The scoics of the icmaining 20 animals in the 
pie- and postopeiativc tests me given in Table •!*, togetliei with hiict 
desciiptions of the lesions, which aie also icpicscnted in Plate 2 
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The eases aie aiianged and numhcied louglil} m the oidci of the 
position of the lesions fioin tliL atiteiioi maigin of the thalamus to 
the inferioi loUiluIl 

No animal showed a complete loss of ability to give a difteicntial 
icaction to visual distance alter the opeiation The woist postopera¬ 
tive score (S^A'= 86), made by Number 20, shows accurate adjust¬ 
ment of foice to distance for intcivals of 3 cm , except at the gienccst 
distance 

The aveiage scoic foi picopciative tests foi all animals is 
foi postoperative ^//a=: 40 The difteicnce is not reliable Figiue 2 


pielimiiiaiy tests 



pofltopointive testa 



FIGURE 2 

Distribution ot Scores (Sdx) in Prf- and PosropERAnvr Tems 

The squares represent the numbers of animals falling within each class 
interval. 
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shows the distribution of scoics Xhc of vaiiation was sig¬ 

nificantly increased after opciation Eleven animals showed increase, 
nine deciease in acciiiacv after opeiation These facts indicate that 
practice effects weie not completely contiollcd by the initial practice 
The average of picopciative scores of all animals was ^f/v=36. 
That foj animals which showed impiovcment aftci opciation was 
The aveiage of postoperative scoics foi these animals was 
Only two animals which made better than aveiage initial 
scoies showed postopeiative improvement and tins was very slight 
m amount. We ma}^ theiefoie largely discount the piactlcc effect as 
obscuiing the influences of operation, since only the animals with 
pool initial SCOICS improved and their impiovcment did not make 
them significantly bettei than the initial aveiage of the whole gioup 
In estimating the effects of the opciation two vaiiablcs must be 
consuleied , tlie amount of icdiiction iti accuraev and the absolute 
accuiacy following operation Thus Number 21 shows a SO per cent 
1 eduction in accuiacy in teims of but only two per cent in teims 
of the correlation coefficient, and the postoperative accuiacy is better 
than the aveiage of normal animals In siicli a case we must con¬ 
clude that the lesion has not involved an}’’ stiuctine which is of pri- 
maiy inipoitance foi depth perception. 

Cases showing stgmficant loss Five animals show a postoperative 
reduction in accuracy large enough to be consideied significant These 
arc, in order of magnitude of the deterioration, Numbeis 20, 13, 16, 
17 and 29, with a lange fiom 252 to 19 pei cent increase in scoics 
Numbeis 28, 23, and 21 also show reduction in accuracy but their 
postoperative scoies arc not significantly woise than the avciage of all 
pieopciativc, so that they may be considered essentially noimal 

Nimibei 29 made a pooi pieopeiative lecoid which became worse 
by 19 pci cent aftei operation The lesion was in the postcnoi half 
of the supeiior colliculus with undercutting of the infeiior (Plate 
2, Figuie 29) This case is contiollcd by Numbet 23 which had a 
moic severe lesion in the same locus and made a postoperative scoic as 
good as the aveiage of preopeiadve The slight loss and bad scoie in 
Numhei 29 thciefoie cannot be ascribed to the opeiation 

The remaining cases which made significantly bad postoperative 
scores (20, 13, 16, 17) all have lesions m the same gencial legion, 
along the anteiioi boidei of the supeiior colliculi In each case the 
knife cnteied the anteiomesifll bolder of the colliculus and passed la- 
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tcud thioiijrh the pietcctile oi Intel-il nuclei into tlic aicuate and ven¬ 
trolateral or along: the innci face of the media! g:eniculate nucleus The 
lesions arc thus complex and difficult to evaluate The lesion is most 
extensive in Niimbei 20 In the others (13, 16, 17) the same stiuc- 
tines arc involved with less extensive destruction 

Number 21 provides a conhol for tlicsc ca^es In it the damage 
to optic structinc'? ^\a% mojc severe than in Numbei 20 or any of the 
others of the group The optic tract and latcial margin of the light 
supeiior colliculus weic coiripletely destioj^ed on the riglit and the 
colliculus, pretectile ,md l.itcial nuclei invaded on the left Damage 
to optic stiiicturcb more seveie than in Number 20 was piesent also 
in Numbers II, 14, 15, and 18, which showed no postoperative dis¬ 
turbance The pool scoics made bv Numbers 20, 13, 16, and 17 can¬ 
not be ascribed to the lesions in the optic stuictuies 

In Number 21 the cuts do not extend as far forwaid Into the thala¬ 
mus as m the animals which sliowed gi cater loss of accuiacv In the 
Latter the lateral nucleus, pars postenor, the arcuate, the ventiolateral 
and the medial geniculate nuclei weie in some degree invaded. But in 
the tests of animals with cerebial lesions wc have seen retrograde 
degeneration of all of these nuclei unaccompanied by disturbance of 
depth perception The detcnoration in Numbers 13, 16, 17, and 
20 therefore cannot be asenbed to the damage to thalamic sensory 
nuclei. 

Magoun, Ranson and Mayer (’35) have shown that the path of the 
pupillary leflex to light decussates in part thiough the posteiior com- 
iiussurc, so that damage to this structme must be taken into consideia- 
tion in experiments on the visual functions of the thalamus Text 
Figuie 1 shows intciruption of the posterior commissure in animal 
Nunibci 20, which showed maximal distuibance. It was also intei- 
luptcd m Numbers 16 and 17, which made pooi postopcr.ative scoies. 
But the poster 101 coinmissuie was also cut m Number 12, with no 
postoperative change in threshold foi distance, so that we must con¬ 
clude that this stiuctiiie is not concerned in depth perception, 

Sf/f/imtf/y Thus foi cveiy case showing ieduced accurac5'' of 
depth perception after lesion to a given thalamic oi midbrain stuicturc 
tlicrc are other cases with equallv scveic damage to the same structuics 
arid with normal oi better than aveiagc normal iccoids Also in teims 
of the amount of damage done, iiicspcctive of the locus of the iii- 
liirie*;, the postopeiative scojcs aie not related to the lesions AltJiaugh 
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a few animalb showed ^\hat seems to be a Mi^niricaiit icdiiction in ac 
ciiincv of depth pciccption .iflei the opciaLion, it has been impossible 
to con elate this with any specific type of lesion. 

I NTERPRIiTATION 

It seems clcai fiom the above analysis that wheic a dccicasc in 
accuracy occurred it cannot be asciibed to injuiv to the optic tiacts 
or centers Injury to the sensoiy nuclei of the thalamus is also con- 
ti oiled AVe must theicfoie asciibe the defects of behavioi either to 
some general systemic cftects of the opciations apait from the brain 
injury oi tn damage to some unknown thalamic tiacts The lattei 
interpietation seems impiobable, since knife cuts tend to follow tlic 
course of majoi fibci tiacts and seemed to pass tluoiigh piccisely the 
same legions in animals which did and did not sliow deteiioration 

Oui next question concerns the completeness of the suivcy of the 
subcoitical optic stnictuics covcied by these cxpeiiments as a test of 
then function in depth perception The pi ejection of the tetina upon 
the thalamus and colliculus has been woilced out roughly by Over- 
bosch (’27) foi the labbit and bv Lashley (’34) for the rat, with 
icsults in essential agicement The supciioi tcmpoial quadiant of 
the retina is protected to the anteiolatcial quadrant of the colliculus, 
the inferior tempoial to the antciomcclial, the inferloi nasal to the 
po^teiomcdial, and the supciioi nasal to the postciolatcial quadiants. 
How fine the localization Avithin the quadiants may be cannot be de¬ 
termined In tile Mai chi technique used The available evidence indi¬ 
cates that onlj the contralatotal letina ts repiosentcd in each colliculus. 

Distribution of optic fibeis in the lateial nucleus, pais postei lor 
and in the pietcctilc nucleus coiiesponds to the most direct path to the 
points of teimination in the colliculus Thus the fibeis fiom the 
supcnoi tempoial quadiant have the most lateial position and those 
from the superioi nasal the most medial Uncrossed fibeis apparent¬ 
ly reach the pietcctile nucleus, but then source in the retina and dis¬ 
tribution m the nucleus aic not known 

Complete bilateial destruction of the optic thalamus or colliculi 
has not been achieved in this study, In Numbers 11, 18, and 21 the 
optic tiact uas completely intcirupted on one side between tlie lateral 
geniculate nucleus and the colliculus without destioving capacity for 
depth discrimination This opeiation should have been effective, if 
the colliculi paiticipatc in leactions to binoculai paiaiinx. Bilateral 
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destruction of the projection areas of the colliculi for the inferior and 
the lower pait of the superior tempoial quadrants was obtciiiied in 
Number 2f This covers the held of maximal acuity of the rat and 
did not ^^bobsli depth peiception. Lesions in other cases with normal 
postoperative peifoimance have coveicd almost evciy part of the 
optic thalamus, supeiior and infciior colliculi In Number 2*^ the 
peduncles of tlie inferior colliculi were completely severed. Only 
the lateral margins of the superior colliculi remain imcxploicd in 
bilateral opeiations The material was not piepared foi study of fibei 
tracts, so that exact data on in;uries to the lower connections of the 
colliculi arc not available. The course of the majoi tracts, the tecto- 
•^pinal and tccto pontal, as desciibed foi the rat b 5 ^ Papez; and Fiee- 
man ('30), is such that these tiacts must have been destiovcd in the 
majority of animals 

In Numbeis 11, 13, 17, and 21 the pais postciior of the lateial thal¬ 
amic nucleus was severely injured on one or both sides without signi¬ 
ficant loss of accuiacy in depth perception and in Numbci 8 of the 
cortical series these nuclei showed severe degeneration. In none 
of these cases was there a marked reduction in accuiacy after the 
oj>cration 

The expeninents leave open two alternative inteipietations 
(rt) The optic thalamus and colliculi do not participate in motor 
adjustment to visual distance, (i) Tliesc optic stiuctures do contri¬ 
bute to tlic function, but the projection field for pait of the supeiioi 
temporal quadrant on one side is capable of mediating the function 
in a noimal manner. This would correspond to my previous results 
with respect to the function of the binocular field of the striate cor¬ 
tex in detail vision (Lasliley, ’31). 

Other experiments seem to oppose this second inteipretation I have 
shown (LashIcy, ‘35) that lesions of the type produced in this study, 
when combined with severe dcstiuction of the striate areas, ieduce 
or abolish the capacity to form habits based on discrimination of in¬ 
tensities of light, and Layman (*36) has confiiined this foi combined 
lesions 111 tlid optic tlialamus and lateral geniculate nuclei Since in 
these cases the destruction of the optic thalamus was not complete we 
must conclude that parts of the system are not Ccapable of exeicismg 
the functions of the whole The pioblcm is complicated, hnwevci, by 
our inability to demonstrate any visual defects after lesions m the 
optic tliaJamus and colliculi, so long as the geniculo-striate system re- 
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mains intact ^ Final inteipietation of the data must await the de¬ 
velopment of a better understanding of tlie mtcrielations of the 
striate areas and subcoitical visual structures* 

In the tests aftei ccicbral lesions it is clear th«it interruption of the 
optic ladiations interferes with or inhibits jumping This confirms 
earlier unpublished obseivations by Russell and Lashlcy that exten¬ 
sive injuries in the lateral halves of the striate ,iieas (binocular pro¬ 
jection fields) reduce or abolish the accuracy of adjustment of force to 
distance in the jumping tests It seems clearly established that the 
vi'^ual cortex is essential to the leaction 

Inteipietation of the effects of lesions in the motor «aicas is less 
certain The lesions in Numbcis 6 and 7 involve tlie aieas electrical 
stimulation of which induces movements of the hind legs (Lashley, 
^21) and in Numbei 7 this ‘‘motor area" for the hind legs was conr- 
plc.tely destroyed. This is also the region associated with postural 
adjustments of the hind legs (Bard and Brooks, ^34) Control of 
thc*hind legs is essential for accurate jumping, yet removal of this 
lund leg area did not interfere with performance This fact supports 
my inteipretatton of earlier data to the effect that the mechanisms 
activated by electrical stimulation of the cortex are not those con¬ 
cerned with the initiation of adaptive movements (Lashley, ^24) 
Yet the destruction of the frontal regions, including the stimulable 
areas for the head and legs without complete destruction of the hind 
leg area piecludes jumping This result is seemingly an effect of 
the extent of destruction m the motor area 

In these experiments lelativcly little difficulty was encountered in 
getting the animals to jump, in comparison Avith animals in previous 
cxpenmentii where combined lesions in the striate coitcx and colliculi 
were involved It seems clear that the leluctance to jump shown by 
the earlier cases cannot be ascribed to a disturbance of depth pcicep- 
tion arising from the injury to the subcortical visual centers 

Summary 

The accuificy of visual disci imination of distance Avas tested foi 
lats before and after opeuitions involving the optic thalamus and 
colliculi The greater part of the stiuctures, with the exception of 

‘AdditioOtil idriice on this point will be reported in a later paper of 
this senes 
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the lateral margins of the colliculi, was explored in bilateial opeia- 
tioH', The optic tract of one side was completely interrupted in the 
region of tlie optic thalamus m several animals Although a few 
animals show eel a signiliLant icduction in accuiacv of discrimination 
aftci opeintion it was impossible to coirelate thcii behavior with any 
characteristic of the lesions* Animals with damage to the same 
stuictures and with more severe and widespread injuries made normal 
scores The expciiments give no evidence that the optic thalamus oi 
colliculi phi\ any part m the visual discrimination of distance 
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THE INFLUENCE OF PUNISHMENT ON LEARNING 
WHEN THE OPPORTUNITY FOR INNER 
REPETITION IS REDUCED 

The Johns Hophius UtnvefsUy mid Baltimoie City College 

J i\[ Stkphlns and J a. Baer 

A picvious investigation bv Stephens (2) dealt with certain in¬ 
stances in winch a subject has selected the wrong English word as 
the equivalent of a Spanish word and is automatically informed of 
his crior In that investigation it appeared that, contiary to the 
lesiilts of similar investigations by Thorndike [(3) Chap XI], the 
subject was less likely to choose that same word in the future than 
he Mould have been had he icccived no information regarding Ins 
success or failuie It happened, however, that in Stephens’ study the 
subject had considerable chance deliberately to memouze the success 
of his choices, perhaps lepcating to himself ^Imrd is not the answer to 
din ante J honi is not the answei to hoy' and so foith In a private 
communication Professor Thoindike suggested tliat this possibility 
of drill or innci lepetition might account for the diftercnce in lesults 
Latci Thorndike published the lesults of an experiment (4) in 
which he had examined the influence of such innci repetition when a 
subject is told that he is light It is difficult to judge the depend- 
^ ability of the figuies but taking them at their face value it would 
appeal that foi nine subjects who claimed that they did not oidinarilv 
employ such inner repetition, instiactions to icfrain from drill reduced 
the influence of ^^right ” 

It seemed wise to modify the expeiiment so thnt the oppoitunity 
foi dull would be ieduced as much as possible 

A second aspect of the fiist investigation also called foi additional 
tieatmcnt In that investigation the influence of punishment was 
gicatcst in the case of those connections which wcic initially strong 
enough to peisist from one day to the next. This suggested the 
possibility that punishment worked ‘hioiinally” on strong connections 
but liad slight influence on connections that weie not well established. 
In order to check this possibility we introduced an additional mc.ins 

^Accepted foi piihlicntion by Buford Johnson of the Editoiial Boaui, and 
received in the Editorial Office on February 3, 1937 
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of determining" the sticiigth oi degree of ceitaint}' of the original 
choice 

Procedure 

Each siihjcLt was given the Amciicaii Council Jku Spanish Test* 
Form I'lic test is of the multiple choice tvpe On the fir«^t day 
subjects were told to undeilinc the choice once if it was a guess, twice 
if It was a ^‘liuncli’* and tliice times if they felt lathei ceitain No 
infoimation regarding the couectness of the choice was available 
at this sitting. 

On the second day the subjects sat at a special table and viewed 
the questions as they passed imdei a slot This slot levealed at one 
tnuc one line of punt containing a Spanish woid and the five 
English alternatives About 9 oi 10 seconds elapsed between the 
emergence of tlie line fiom the bottom of the slot and its disappearance 
at the top. In this time the siihicct had to icad the words, make his 
choice and with a stylus punch a hole thiough the woid he selected 
As the stjdus passed tlirough the papei it completed an clectiical cir¬ 
cuit through a light which icvealcd tlnough the papci and directly 
under the word punched eithei an R, a JFj a nonsense symbol, or a 
hlarik circle of light The punching could take place only near the 
top of the slot so that there would be very little time between the 
Qcciiirence of the signal and the appearance of the next line 

The procedure on the third dai was piecisclv the same as that on 
the first day 

Apparatus 

A tabic about feet by 434 feet was built aiound a loller thice 
inches in diametei and feet long, made of wood and centeied on 
a steel shaft, uhicli piojccted fiom each end (A large lollei used 
to operate the canvasses on a giain bindci proved excellent for this 
puiposc ) The roUei was placed m the frame so that it lan longi¬ 
tudinally along the ccntei of the table. Paiallel to tlie idler but 
about 15 inches away from it on each side weie stiips of wood con¬ 
taining the nieclianisms for activating the lights 

The words were mimeogi aphed on thiee scpaiatc sheets and the^e 
were pasted togcthci to form one long sheet This sheet was thumb 
tacked to tile roller and fed ovci the parallel strip undei and between 
guides As the roller totated, the sheet of paper was pulled acioss 
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the ship of wood The table was so constiucted that foui of tliese 
long sheets could he attached to the roller at once» two coming in 
fiom each side. In this way foui subjects could paiticipatc nt one 
time. 

On the hack of the sheet of papei was pasted another sheet 
having on it the symbols Rj fF, nonsense symbol, oi (in about half the 
cases) blanks The^^ were piintecl in minor image (simply by re- 
VCising the miineograph stencils) and the two sheets pasted together 
back to back The sheets were ariangcd so tliat the siymbol was 
diicctly iinclci the coiicsponding woid These 85^nibols, obscured 
by two thicknc‘*^cs of papei, could not be seen unless light was applied 
fiom behind the paper 

In Older to accomplish the lighting, one bank of five flashlight lamps 
was sunk in the wooden stiip at the place whcic each sheet of paper 
was drawn across A contact w«as placed neai each lamp in such a 
way that the light fiom the coiresponding lamp icvcalcd the symbol 
diicctly undci a given woid whcnevei the stylus punched through 
that word and touched the contact 

A sheet of beavci board covered the whole table In this beavei- 
boaid the four slots were cut, one over each bank of flashlight lamps 
A sheet of celluloid coveied each slot. Holes drilled in the celluloid 
diicctly above the contacts, acted as guides 

We might note in passing tliat this method of applying symbolic 
rewauls and punishments piovcd to be veiy satisfactory It is 
simple and cheap (The chief expenses weie $2,50 for the ioiler 
and $1 00 foi flashlight lamps The rest of the material came from 
ordmaiy laboiatoiy equipment Consideiable labor was involved in 
piepanng the sheets and pasting them together ) By using a longei 
toiler (such as those often used foi awnings) or by coupling sevcial 
tables togcthei by geais oi chain diivcs, «inv dcsiied number of sub¬ 
jects could be accommodated at one time For those who find the 
more elaborate Loige-Waitb (1) nppauitus too expensive, this device 
may be an acceptable substitute. 

Results 

For each woid punched on the second day we have dat«a to answci 
the following questions 

(^t) Is this the word that was chosen on the first day^ 

(/;) How certain did the subject feel of his first da 5 ''’s choice^ 
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(r) What informatjon did he receive on the second day after 
punching the word? 

(d) Did he choose the same woid on the thud day? 

The tnfoimation in both items (^ 7 ) and (Z») is to help classify 
the choices into strong and weak connections* 

T.able 1 permits the comparison of the present expciiment in 
which thcic was little opportunity for drill with the previous 
expciiment in which dull may have taken place It will be seen 
that apait fiom two disciepancics, the lesults of the two expen- 
ments aic siirpiisingly consistent* Wc note one discrepancy in the 
case of the influence of the nonsense symbol on weak connections, 
Tliis difference of 10±:3 9 is none too dependable hut it does suggest 
that a meaningless symbol may be more likely to strengthen a weak 
connection when the time is limited than when the tinnc is unlimited 
On the othci hand the influence of the nonsense symbol on the strong 
connections seems unaffected bv the 1 eduction of time. 

The other discrepancy conceiiis the chief point of issue in the 
experiment The influence of 'hvrong*' on strong connections is 
maikcdly less when the opportunity foi drill is reduced In fact 
when drill is lestncted the value foi 'Vrong" is only 6±2 6 01 
8±3 1 less than the value foi the blank light or the nonsense symbol 
lespectiveh. That is to say there is some loom foi question as to 
whetlici wrong has a^iy dcterient effect on the strong connections 
when the opportunity for drill is reduced, 

In the second part of our problem we wished to sec if a different 
jTieasure of sticngtli would icveal any moie definite lelation between 
the strength of the connection and its susceptibility to punishment. 
Two criteiia of strength weie employed foi this puipose, the one 
already used, ic, peiMsteiKc fiom the fiist to the second day, and a 
second one consisting of the subject’s lating of his degree of ceitainty 
These latings were originally in one of thiec rubiics “guess,” 
“liiinch,” and “ceitain ” Theie weic, howcvei, veiy few choices lated 
as certain and these weie. lumped with “hunch” choices, giving us 
guess clioices and choices bettci than guess Thus each choice could 
be classified as cithci peisistiiig to the second day or not persisting 
and as eitliei being bettei than guess 01 meie guess 

The use of such a two-bv-two classification necessarily reduces 
the nuiiibci of cases in each cell This disadvantage may be ovcicome 
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to some extent by including data not given in Table 1. These addi¬ 
tional data are probably not strictly compaiable to the original data 
since they were obtained from high school students. Moreover two 
different lates of speed were used foi difFcient mcmbeis of the lugh 
school students. Consequently there may be some doubt as to the 
wisdom of combining such data, For that icason we give the results 
foi both college students alone and foi college and high school stu¬ 
dents combined 

Ill the case of neithei the college students alone nor of the combined 
groups does there appear any marked oi dependable tendency for 
‘Viong’* to opeiate moie effectively on strong choices than on weak 

As a supplement to Tabic 2 and as a condensed account of the 
data presented so fai, we give in Table 3 a summary of the differ¬ 
ence between the value of "wiong” and the value of the two con- 
tiols The coiresponding data foi the first four lines in Tabic 3 
come from Table 2 In the case of the last two lines, the conespond- 
ing data foi the college students appeal in Table 1, while in these 
two lines the conespondlng data foi the combined groups do not 
appear elsewhere 

Table 3 beais out the view indicated by Table 1, Although 
in the compaiisons indicated by an asterisk we find differences 
more than 2.5 times their probable errors, m no case can we be 
reasonabl)^ sure that "wrong^^ ically weakens a connection. Of course 
with several types of compaiisons yielding diffeiences bordering on 
significanccj' some influence is stiongly suggested 

Summary 

In a previous cxpciinient which peimittcd consideiable opportunity 
for diill 01 inner repetition it was found that punishment (a signal 
for ‘Vrong”) definitely weakened initiallv stiong connections When 
that cxpciiment was icpeatcd with the oppoitunity foi drill or innci 
repetition reduced, the strong connections were much less influenced 
by punishment In fact, though some influence of punishment was 
suggested in most types of compaiisons, in none of these do we 
find the influence of ''wrong*’ to be significantly different fiom that 
of the contiols. 
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SHORT ARTICLES AND NOTES 


SOME EXPERIENCES WITH THE PRESSEY X—0 TEST USING A 
GROUP OF NORMAL ORPHAN CHILDREN IN A SUPERIOR 
INSTITUTIONAL ENVIRONMENT*^ 

Harold A Koiin* 

In connection with a nrioie extensive resenreh proi^rnin now m progiessj 
118 giili and 149 boys from the ninth tliiongh the twelfth grades of the 
Mooscheait High School wcie examined by means of the Presscy X-0 
Test, Foim D The data were analyzed for sex and giade diffcienccs and 
for connections with behavioi disoiders Cential tendency niid leliability 
mcasiiies when the test is scored for “total emotionality” or “affcclivity" 
(combined scoics) by sexes, are given in Table 1 


TABLE 1 

&PX DirntiENCLs in Total Emohonality or AFiiicrivm 



N 

Mean 

Median 

SD 

SE 

Q 

Boys 

149 

142 95 

146 55 

38 54 

3,15 

30 52 

Girls 

118 

143 31 

145 00 

41 38 

3 81 

2445 


The reliability of the dif¥erencc between the two means in terms of the 
sigma of the difference is 4 94, The difference between the means is 86 
D 

points The - is 17 It is thus clear that there does not appeal 

(T dlff 

to be any reliable sex difference as regards to the total emotionality scores 
using the present sample The reliabjlity of the difference between the 

D 

two medians expressed in terms of - is 37 Again there does not 

P.E dlff 

appear to be any sex difference of a reliable charnctci ns regards the total 
emotionality scores of high school students in our situation Picssey finds 
such diffciences to be operative (i) In Table 2 our data are compaied 
with those of Pressey in this connection 

*Rccommendcd by Mai tin L Rcvnicrt, and received in the Editoiial 
Office on January 21, 1937, 

^Mooscheart is an international school and home owned and operated 
by the Loyal Order of Moose for the care and training of dependent 
chiidicn of deceased members of the Fraternity 

^My especial tlianbs and sincere appieciation are extended to Di Martin 
L Reymert, the Director of the Mooscheart Laboiatory for Child Research, 
for his invaluable advice and encouragement in this work 
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TABLE 2 

COxMPARISON 01 PRfcbSE\ AND M00SF>IFAR1' DaTA RpCARDS ShX DlFFERhNCES 
IN TorAL EMoriONALnv 


Grades Ptessey Norms 

Motisi’/irat / 

Data 

Pilttlits 


Boys 

GirU 

N 

Boys 

N 

Girls 

Total N 

9 

171 

171 

37 

158 

20 

170 

57 

10 

164 

167 

3S 

150 

41 

143 

79 

11 

1S9 

163 

25 

143 

12 

150 

37 

12 

158 

162 

51 

139 

43 

141 

94 








267 

In 

annEy^iiig the 

difference 

between the incdians as 

giYcn in tbe above 

table 

it IS found 

that m no 

case 

does the 

D 

yield 

a LeliabiUty 

PE diff 








figure as grcnt as 3 0, There appears to he no signihcant difference between 
the total emotionality’ or ‘^affectivity” scoies of boys and girls considered by 
grade, from the ninth thjough the twelfth year It was thought that per¬ 
haps slight changes between gills' and hoys’ scoies for the grades from 9 
through 12 may reveal significant cumulative changes between grades It 
is evident from Tabic 3 below that thcie does not appeal to he any 
ciimulative change between grades, indicative of a significant tiend in tlie 
case of either sex 


TABLE 3 

Reliability of Differences of Boys’ and Girls' Scores for the Different 

Grades 


D 

Grades N Median P.E diff Chances in 100 


Girls 


9 

20 

170 00 

.76 

69 

10 

42 

142 SO 

82 

71 

11 

12 

ISO 00 

.50 

63 

12 

43 

140.83 



9-U 


170.00-150 00 

48 

63 

9-12 


170 00-140 83 

77 

69 

9 

37 

158 30 

87 

72 

10 

37 

150 00 

80 

71 

11 

25 

143 00 

46 

62 

12 

51 

139 16 



9-11 


158 30-143 00 

1 60 

86 

9-12 


ISS 30-139 16 

2 07 

92 
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Table 4< below suminai ize'i the findings with respect to gi.ide place- 
ment anti total aflfectivity, as compared with the Pressey data It will be 
noted that while our data do not appear to be much different from the 
Pressey as to score, the trend is markedly different In computing the 
reliability of the median differences between successive grades for our 

D 

data we in no case found a - as high as 4,0 The greatest reliabilitv 

P E diff 

figure was 2 24 (93 chances in 100) between grades 9 and 12 

TABLE 4 

PitEssbY Grade Norms tor Total Afffctiviiy Comparfd with Moosfhlart 

Data 


Grade 

Norm 

Median 

Gi a le 

^Joosrbf^^t Data 
Median 

N 

9 

137 

9 

159 

57 

10 

165 

10 

147 

79 

11 

175 

1 1 

143 

37 

12 

170 

12 

140 

94 
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Pressey states, “The teats should make a ver}' convenient means for 
research in dealing with delinquents, neurotics, or other atypical individuals 
where disorders of the emotions and sentiments may be expected” (2). 
With this purpose in mind one of oiii clinical psychologists kindh assisted 
hy selecting 41 boy's and 15 girls, who had been referred to the Laboratory 
as in need of pstychological caie, to whom Pressey X-O Form R was ad¬ 
ministered Children referred for organic defect, or retardation in the 
school system due to low intelligence wpie excluded fiom this gioup The 
56 childien had been refeired for gencial mal-adjustment, stealing, nn- 
tnistworthiiiesa and other behavior disorders similai to those found in nny 
noimal community The non-pioblem gioup consists of 102 girls and 114 
hoys The median scoies foi total emotionality of the behavior problem 
hoys and girls respectively was conn asted with the median scores of non- 
problem bovs and giils The findings togcthci with the reliabilih of the 
tlifferenccs in the medians foi both groups are presented in Table 5 It is 
thus evident that no significant differences exist between problem and non- 
problem children using the Piessey X-O Foini U is hen it is scored foi 
total emotionality, and using the present sample 

Due to the amount of labor involved, the test was not scored for devia¬ 
tions from the modal word The disciepancy between the Pressey and 
the Moosehcart data may' then have two possible explanations (/i) the test 
IS unsatisfactory [this is admiUed In the authors (3)], oi (b) the present 
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TABLE 5 

Dhterfnces in Total EmotionA tirr, Prodlfm and Non-Prodlem CniLDRiiN 


D 


N 

Percent Pioblem 

Median Scores 

PE, diff. 

Problem Boys 41 

15 07 

1+5 

17 

Non-Problem 114 


14S 


Problem Girls IS 

5 51 

135 

146 

Non-Problem Girls 102 

20 58 

144 



results may be conditioned by owr peculiar environment, which by foice 
of necessity, must be much more uniform than any sample taken from a 
fCcnciiil public school It is probxible that both factors are operative in con* 
ditjoning our lesults While Mooseheart may be regarded aa a superior 
school and home environment, it should pioyc interesting to examine similar 
samples ifi aveirtge orphanage^ elsewlicrc 

Conclusions 

1 Using the sample herein described there appear to be no significant sex 
dilTerences in total emotionality or affectivity as ineasiiied by the 
Pressey X-0 Test Form /?» 

2 No signiiicant differences are apparent between scores of the high school 
students of successive grades. 

3 Tins test, in our environment, does not revenl signlficnnt differences In 
the total aflectiv'ity scores of problem and non-pioblcm childien of either 
sex 
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VALUATIONS OF CERTAIN PAINS, DEPRIVATIONS, 
AND FRUSTRATIONS* i 

Institute of Eifucdtiotfal Researc/i, Teachers College, Columbta Uaivcntiy 


Edward L Tiiorndikc 


Bcttei knowledge of the attitudes of people towaid prospective 
^‘disutilities^* in the form of pains, discoinfoits, deprivations* degra- 
dations, fiustiations, rcstiictions, and otliei undcbired conditions is 
obviously impoitant The best appioach is tliiougli direct observa¬ 
tions and cxpciiments, and we plan to make such But the opinions 
of persons concerning theii attitudes aie by no means valueless, if 
used reasonably For example, the answcis reported to the set of 
questions printed below by vaiious individuals are instructive in 
a number of ways (The two numbeis after each item did not 
appear on the list as it was read by the person, they are inserted here 
for economy's sake and lepieseiit the median demand by a group of 
60 students and teacheis of psychology and by a group of 39 unem¬ 
ployed men and women, under 30 years of age, mostly college grad¬ 
uates, But It will be best if the reader pays no attention to these 
numbers at present.) 

Name ,,, , Date 

For how much money, paid in cash, would you do or auRer the fol¬ 
lowing? Write the amounts on the dotted line, You must suppose tliat 
the money can be spent on yourself only and that whatever you buy 
with it IS destroyed when you die, You cannot use any of it for your 
filends, relatives or chanty* 


•Received in the Editoiial OlFice on Febiiiary 3, 1937 

^The observations reported in tins article aie one item in a project sup¬ 
ported by a giant from the Carnegie Corporation 

restrictions of the last two sentences were made in order to keep 
the calculus of pains, deprivations and frustrations free from a calculus 
of benefits to others than oneself I doubt whether this result was fully 
attained and think that the same experiment with no limitations on the 
use of the payments would be even moic instinctive 
What happens in the ense of most persons in responding to these SI 
questions is that certain of the deprivations, etc, seem unolijectionablc and 
are estimated at zero or some nominal small sum, certain others are re¬ 
garded as utterly intolerable, and evoke “No sum laige enough,*’ “There is 
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1 Have one upper front tooth pulled out [$5000, $4500] 

2. Have all your teeth pulled out [$1,000,000, $750,000] 

3 Have one ear cut olf [No sum, $1,500,000] 

. .4 Have your left a inn cut off at the elbow (right arm if you prefer) 
[No sum, $2,500,000] 

5 Have a little finger of one hand cut off [$75,000; $200,000] 

, 6 Have the little toe of one foot cut off [$10,000, $57,000] 

, 7 Become entirely bald [$750,000, $75,000] ] 

,,,8 Have all the haii of your eyebrows fall out [$100,000, $25,000] 

9. Have one leg cut off at the knee [No sura; $40,000,000] 

, 10» Have both legs paralyzed [No sum; $40,000,000] 

11, Have small-pox, recover perfectly, except for about 20 large pock¬ 
marks on your cheeks and forehead, [No sunn, $1,000,000] 

. ,12 Become totally deaf, [No sum, $100,000,000] 

, ,13 Become totally blind [No sum, no sum] 

,14 Become unable to chew, so that you can eat only liquid food 
[No sum; $10,000,000] 

,15 Become unable to apeak, so that you can communicate only by 
writing, signs, etc [No sum; $15,000,000] 

, .16 Become unable to taste, [$1,000,000; $5,000,000] 

, 17. Become unable to smell, [$300,000, $150,000] 

, 18 Require 25 per cent more sleep than now to produce the same 

degree of rest and recuperation [$100,000, $37,500] 

.,,19 Fall into a trance or liibeinating state throughout October of 
every year [$300,000 , $325,000] 

, 20 Fall into a tiancc or hibernntmg state throughout March of every 

year. [$200,000 , $400,000] 

21» Be temporarily insane throughout July of every year (manic- 
depression Insanity, bad enough so that you would have to be 
put in an insane asylum, but with no permanent ill effects) 
[No sum; $2,500,000] 

,22 Same as 21, but for two entire years now,^ with no recurrence 
ever again [No sum; $5,000,000] 

,. 23 Have to live all the rest of your life outside of U S A, [$200,- 

000, $150,000] 

. , ,24 Have to live all the rest of your life in Iceland, [No sum, $1,000,- 

000 ] 

t. 25. Have to live all the rest of your life in Japan [$1,000,000; 
$500,000] 

,26, Have to live alt the rest of your life m Russia [$1,000,000, 
$150,000] 


not enough money,^’ “$1,000,000'®®,” and the like; certain others are re¬ 
garded as not so utterly intolerable and rated at 100 million, 10 million, 
5 million or other large sums Some of the others arc given amounts 
which represent what the person thinks would induce him to do or suffer 
the thing in question and which therefore correspond roughly to their rela¬ 
tive dements from his standpoint, but many are given amounts which 
seem to fit the scale he has established by his ratings up to that point, 
without close consideration of each as the stimulus to bargniniog, 

*By my error the 21 was printed as 20, but the nature of the text led 
qfiany of the subjects to treat it as 2l The valuations of this item are thus 
ambiguous. 
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, 27 Have to live all the rest of your life in Nicaragua [$1,000,000, 

$500,000] 

28* Have to live all the rest of your life in New York City [$50,000; 
$25,000] 

. 29 Have to live all the rest of your life in Boston, Mass, [$100,000, 

$50,000] 

, 30 Have to live all the rest of your life on a farm in Kansas, ten 

miles from any town [$1,000,000, $300,000] 

. .31 Have to live all the rest of your life shut up in an apartment in 
New York City You can have frienda come to see you there, 
hnt cannot go out of the apartment [No sum; $60,000,000] 

32* Eat a dead beetle one inch long [$5,000; $5,000] 

33 Eat a live beetle one inch long [$25,000, $50,000] 

. 34 Eat a dead earthworm 6 inches long [$S,000; $25,000] 

, 35, Eat a live earthwoim 6 inches long, [$10,000, $100,000] 

, 3 6, Eot a quarter of a pound of cooked human flesh (supposing that 

nobody but the person who pays you to do so will ever know it). 

[$ 1 , 000 , 000 ; $ 100 , 000 ] 

, 37 Eat a quarter of a pound of cooked human flesh (supposing that 

the fact that you do so will nppeai next day on the front 
page of all the New York papers). [No suno, $7,500,000] 

, 38, Drink enough to become thoroughly intoxicated, [ $100, $50] 

39 Choke a stray cat to death, [$10,000; $10,000] 

,, 40 Let a harmless snake 5 feet long coil itself round your arms and 

head, [$500, $100] 

, 41 Attend Sunday moining service in St. Patrick's Cathedral, and in 
the middle of the service run down the aisle to the altar, yelling 
"The time has come, the time has come” as loud as you can 
until you are dragged out, [$100,000, $1^000] 

.. 42 Take a sharp knife and cut n pig's throat, [$l,000, $500] 

. .,43, Walk down Broadway from 120th Street to 80th Street at noon 
Wearing evening clothes and no hat [$200 ; $100] 

44 Spit on a picture of Charles Darwin. [$20, $10] 

45 Spit on a picture of George Washington [$50; $10] 

, 46 Spit on a picture of your mother [$10,000, $25,000] 

. 47 Spit nn a crucifix [$300, $5] 

48 Suffer for an hour pain aa severe as the worst headache or tooth- 
ache you have ever had [$500, $250] 

, 49 Have nothing ta eat but bread, milk, spinach and yeast cakes for 

a year [$10,000, $25,000] 

50 Go without sugai in all foims (including cake, etc), tea, coffee, 

tobnccOf and alcoholic dunk, for u year [$1,750, $2,000] 

51 Lose all hope of life after death [$6,500, $50] 

I shall dtscuss fiist the reports made in April, 1934, by a group 
who had been employed for three months by the C W. A as subjects 
in experiments in adult learning, and who were accustomed to tak¬ 
ing all sorts of tests and answeiing all sorts of questions. They 
consisted of males under 30, fern files under 30, males over 40 and 
females ovei 40, and covered a wide lange of intellectual ability and 
amount of education, though the majority were college graduates 
of much above average intelligence 
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, 1 Have one upper front tooth pulled out [$5000, $45001 
,, 2 Have all your teeth pulled out [$1,000,000; $750,000] 

, 3 Have one car cut off [No sum, $1,500,000] 

. > 4. Have your left arm cut off at the elbow (right arm if you prefer) 

[No sum; $2,500,000] 

5 Have a little finger of one hand cut off, [$75,000, $200,000] 

,6, Have the little toe of one foot cut off [$10,000; $57,000] 

, 7, Become entirely bald [$750,000, $75,000] ] 

, S. Have all the haii of your eyebrows fall out, [$100,000, $35,000] 

, , 9 Have one leg cut off at the knee [No sum, $40,000,000] 

10 Have both legs paialyzed* [No sum, $40,000,000] 

11 Have amall-pox, recover perfectly, except for about 20 large pock¬ 

marks on yoiii cheeks and forehead [No sum, $1,000,000] 

. 12 Become totally deaf [No sum, $100,000,000] 

,, ,13 Become totally blind [No a«m, no aum] 

, 14. Become unable to chew, so that you can eat only liquid food 
[No sum, $10,000,000] 

.. 15 Become unable to speak, so that you can communicate only by 

writing, signs, etc [No sum, $15,000,000] 

.. 16 Become unable to taste, [$1,000,000, $5,000,000] 

,, 17 Become unable to smell, [$300,000; $150,000] 

» 18. Require 25 per cent more sleep than now to produce the same 

degree oi rest and recuperation [$100,000; $37,500] 

. ,19. Fall into a trance or hibernating state throughout October of 

every year [$300,000, $325,000] 

,,►20 Fall into a trance or hibernating state throughout March of every 
year. [$200,000, $400,000] 

, 21 Be temporarily insane throughout July of eveiy year (manic- 

depression insanity, bad enough so that you would have to be 
put In an insane asylum, but with no permanent ill effects) 
[No sum; $2,500,000] 

,, 22, Same as 21, but for two entire years now,® with no recurrence 

ever again. [No sum, $5,000,000] 

, , 23 Have to live all the rest of your life outside of U S A. [$200,- 
000, $150,000] 

.».24, Have to live all the rest of your life isv Iceland, [No sum, $1,000,- 

000 ] 

25, Have to live all the rest of your life in Japan [$1,000,000, 

$500,000] 

,26, Have to live all the re*it of your life in Russia [$1,000,000; 

$150,000] 


not enough money,"$1,000,00and the like; certain others are re¬ 
garded as not so utterly intolerable and rated at 100 million, 10 million, 
5 million or other large sums Some of the others are given amounts 
which represent what the person thinks would induce him to do or suffer 
the thing in question and which therefore correspond roughly to their rela¬ 
tive demerits from his standpoint, but many are given amounts which 
seem to fit the scale he has established by bis ratings up to that point, 
without close consideration of each as the stimulus to bargaining, 

*By ray error the 21 was printed as 20, but the nature of the text led 
many of the subjects to treat it as 21 The vnUialions of this item are thus 
ambiguous 
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► 21. Have to live all ^he rest of your life in Nicaragua [$1,000,000, 

$500,000] 

28, Have to live all the rest of your life in New York City [$50,000: 
$25,000] 

29 Have to live all the rest of your life in Boston, Maas, [$100,01)0; 
$50,000] 

, ,30 Have to live all the rest of your life on a farm in Kansas, ten 

miles from any town [$1,000,000, $300,000] 

, ,,31 Have to live all the rest of your life shut up in an apartment in 

New York City You can have friends come to sec you there, 

but cannot go out of the apartment, [No sum, $60,000,000] 

32. Eat a dead beetle one inch long [$S,000, $5,000] 

33. Eat a live beetle one inch long. [$25,000, $50,000] 

34. Eat a dead earthworm 6 inches long [$5,000; $25,000] 

, , 3Sf Eat a live earthworm 6 indies long, [$10,000, $100,000j 

36 Eat n quarter of a pound of cooked human ilesh (supposing that 
nobody but the person who pays you to do so will ever know it). 
[$ 1 , 000 , 000 ; $ 100 , 000 ] 

. 37 Eat a quaiter of a pound of cooked human flesh (supposing that 
the fact that you do so will appear next day on the front 
page of all the New York papers) [No sum; $7,500,000] 

. 38 Dunk enough to become thoroughly intoxicated, [ $100, $50] 

,39 Choke a stray cat to death. [$10,000, $10,000] 

40 Let a harmless snake 5 feet long coil itself round your arms and 
head [$S00, $100] 

, , 41 Attend Sunday morning service in St Patrick’s Cathedral, and in 
the middle of the service run down the aisle to the altar, yelling 
*‘Tlie time has come, the time has come” as loud as you can 
until you arc dragged out [$100,000; $1,000] 

42 Take a sharp knife and cut a pig’s throat [$1,000; $500] 

, 43 Walk clown Broadway from 120th Street to 80th Street at noon 

wearing evening clothes and no hat [$200; $100] 

44. Spit on a picture of Charles Darwin, [$20, $10] 

45, Spit on a picture of George Washington [$50, $10] 

46 Spit on a pictuie of your mother. [$10,000, $25,000] 

, 47 Spit on a crucifix [$300, $5] 

.,.,48 Suffer for an hour pain as severe as the worst headache or tooth¬ 

ache you have ever had [$500, $250] 

. 49. Have nothing to eat hut bread, milk, spinach and yeast cakes foi 

a year [$10,000, $25,000] 

50 Go without sugar in all forms (including cake, clc.), tea, cofTee, 

tobacco, and alcoholic drink, for n year [$1,750, $2,000] 

51 Lose all hope of life after death [$6,S00, $50] 

I shall discuss first the reports made in April, 1934, hy a group 
who had been employed for thiee months by the C. PF* A. as subjects 
in expel imcnts in adult learning, and who were accustomed to tak- 

ing all sorts of tests and answering all sorts of questions They 

consisted of males under 30, females under 30, males over 40 and 
females over 40, and covered a wide range of intellectual ability and 
amount of education, though the majority were college graduates 
of much above aveiage intelligence 
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In spite of their wide experience as subjects in psychological 
tests and experiments> some were so overcome by the novel task that 
they would make no estimates or only for a veiy few of the 51 
Injuries, depiivations, repulsive acts, etc. Some reported that no 
amount of money would induce them to do or suffer any of them. 
These repoits, though apparently absurd, may be sincere 
Tlie most staking fact about the reports in general is the absurd 
magnitude of the bids. The loss of one little toe is put as pi iceless 
by one-fifth of the group, and at from $50,000 to $10,000,000 by 
another fifth. The median valuation is near $25,0001 An hour of 
the severest pain known to the person is put at $250 or over by half 
of the young men, and at $500 or over bv half of the young women 
Half of the gioup lequiied over $50,000 for eating a beetle or worm 
(aveiagc for living and dead), Only a fifth make bids under 
$1000. The Impairment of physical attiactvvencss by the loss of one 
car and both eyebrows, total baldness, and the presence of 20 pock 
maiks totals a million dollars for over three-fifths of the group 
The deprivation from sugar for a year is put at $1000 or more by 
three fourths of the group. Similar utterly unreasonable estimates 
appear throughout 'Fhc median estimates for 19 men and 20 women 
under 30 appear as the second of the two numbers printed after 
each item, 

Why did these persons put these absurdly high valuations upon 
suffering these imagined injuries, deformities, degiadations, etc.? 
The first possibility to considei is that many of them did not take up 
any of the suppositions seriously, that their estimates were given 
carelessly and lepresentcd only a general pronounced negative atti¬ 
tude, There Is this much truth in this supposition' namely, that (ii) 
voluntary acceptance of some of the suggested calamities is to many 
individuals so utterly intolerable that they cannot bring their minds 
to consider it, and that (b) this attitude occasionally tiansfcrs to 
act and sufferings which, had they been pieseiited alone, would 
have been rated much moie reasonably The first fact is important 
It illustrates a strong tendency in mankind to lefuse to face personal 
calamities m imaginative bargaining in any straightforward, intel¬ 
lectual way^ other than to uttcily eschew them. 

There were two flippant reports and probably some careless ones, 
but the reports of persons whose characters gufiiantee their co¬ 
operation and sincerity are not observably different from those who 
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might be suspected of caiclcssness. Moreover, as will be shown later, 
rcpoits from members of the Psychology Club of Teachers College 
show the same general facts as these 

Theie is also intcinal evidence that most of the reports are genuine 
expressions of opinion. For example, the requirements to balance 
personal disfiguiement of 3, 7, 8, and 11 are higher for young 
women than for young men and aic very much lowci for old men 
than for the others. The lequiremcnts to balance eating beetles and 
worms are enormously higher for the women than for the men The 
payment for spitting on a crucifix ranges fiom 0 to infinity. The 
relative payments required are reasonable within any group of com¬ 
parable items (such as 1, 2, 3, 4, 5, 6, 9^ and 10; or 12, 13, 16 
and 17, or 24, 25, 27, and 29) Theic is little or no concealment 
of unoithodox traits, for example, a quartei of the group reported 
less tlian $10 for their hope of immortality It may be objected 
that all the bids of over a half a million are proof of caiclcssness, 
since the assumption was to be that the money could be spent only 
on one*s self, and since for that purpose an annuity of $25,000 or 
more would be as good as any larger amount But a neglect of this 
fact in the process of making comparative estimates is not a proof 
of general carelessness We must, I think, accept the gieat majority 
of the absuidly high bids as genuine expressions of the persons* 
attitudes. 

How well these attitudes prophecy what the persons would do if 
real money oflEcis were made can only be surmised, Doubtless there 
would be many changes, mostly downwaid, but I believe that essen¬ 
tially uneconomical refusals and requirements would icmain for 
many items It may seem incredible that any persons needing 
money as much as these recipients of public funds did would not 
gladly sacrifice one toe for $5000, or endure an lioui of pain for 
$100, or eat a beetle foi $500, or cut a pig*s thioat for $100, or cat 
pound of cooked human flesh sccictly for $10,000 It is, how¬ 
ever, credible to the writer because of two facts. First, a person 
may know that a certain couisc of conduct is to his advantage and 
ardently wish to do it, but be prevented from doing so by an inner 
compulsion Second, the essence of the transaction may not be the 
temporaiy nausea or miseiy, but the permanent remoise, loss of 
self-respect, or other toimcnt These two facts are of general im- 
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portance The obsessional powei of certain tabus, nations, habis, 
etc , IS widespread Just as certain peisons simply cannot take the 
wiggling worm and chew it up, so certain workers simply cannot 
change their trade, ceitain farmers cannot give up their profitless 
farms and work under orders in a factoiy, certain artists cannot 
do as they arc told. They may wish to do so, but theii natures 
must be changed in radical ways to make it possible. The force of 
sclf-appioval is enormous because it acts incessantly and is inescap¬ 
able, Some psychiatrists believe that it is literally true that persons 
will become insane in order to retain it The approval of others 
operates in large measure by making a person content with himself 
The self could endure his lot in laigc measure because he could 
respect himself in his status as the loid could in his. Wc are nil 
prone to blame luck or favoritism or the goveinment rather than oui 
own Ineptness Whatever its supernatural powers may he, leligion as a 
natural phenomenon has had much of its power because it could 
put man at peace with himself 

A third important fact is suggested by the high prices set upon 
the various acts and sufferings; namely, the undervaluation of insur¬ 
ance against hungei, cold, and exposure, Among the items were 
some which would (at least in ninety-nine persons out of a hundred) 
entail no conflict with any obsession and no loss of social approval oi 
self approval Any penniless person who had a realizing fear of physi¬ 
cal miseries would picsumably gladly buy insurance against them at 
the cost of a finger and toe, or of being unable to smell, or of eating 
only bread, milk, spinach and yeast cakes for a year. But even for 
the last we have over a third of the persons demanding $50,000 or 
morel The realizing fear was probably absent m many of tbe group. 
They probably had never Jiad any protracted experience of hunger 
and cold, and took it for granted that somehow the world would 
feed and clothe them as it always had done And this is true of 
a very large proportion of the population of the United States 
Many of us are so used to food, clothes, and shelter that we do not 
thank either God or the social order foi them, nor even consider 
that the provision might fail. 

To the extent that the reports represent genuine attitudes toward 
reality, wc may use them as indications of real motives For ex¬ 
ample, items 3, 7, 8 and 11 {have one ear cut off, become eniiielv 
bald; have all the hair o/ eyebrows fall out; have small-pox and 
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recQvei perfectly, except foi about 20 laige pochnatLs on your cheeks 
and foiehead) cnncein personal appearance pnmaiily. Items 14, 16, 
17, 48, 49, and 50 {become unable to chem, so that you can eat o«/r 
liquid food^ become unable to taste,, become unable to smell, suffer 
foj one lioiif patn as severe as the wofst headache ot toothache yon 
have evei had, have nothing to cat but bread, milk, spinach and 
yeast cakes fot a year, go without sugar m all foims—includtnq 
cake, etc .—, tea, coffee, tobacco, and alcoholic dunk foi a yeai) con¬ 
cern sheci dlsconifoit piimaiily. Item 18 [lequueZS pei cent moie 
sleep than now to piodiice the same degiec of test and recnpeiatinn) 
concerns loss of trme, The cliflfeience between the obnoxransness nf 
31 and 28 {have to live all the test of yont life slini up in an apari- 
vient in New It oik City, You can have ft tends come to see you 
thete, but you cannot go out of the apaitinent; have to live all the 
rest of yout hfe vi New Yotk City) is an indication of the dislike 
of confinement* 

If the leports do not represent what the persons would do if real 
money offers were made, they at least represent attitudes of the per¬ 
sons toward imagined offeis. The relative magnitudes will be in¬ 
structive in either case, 

I therefore report in Table 1 the median estimates and the lowest 
estimates for 19 young men and 20 young women for certain items 
and combinations of items* The highest estimates are ^ or some 
enormous number in all cases save 43, which one woman offers to 
enduii^ foi $100,000 

The reiader may draw his own conclusions from the facts of this 
table He should note the ultra-real ism which demands a tliousand 
times as much foi suffering an hour of pain as for spittmg on Dar¬ 
win’s or Washington’s picture, and eighty times as much for bald¬ 
ness 01 pock marks (m women), as for spitting on the picture of 
one’s mother He should note also the relative tolerance of disgrac¬ 
ing oneself, and the great avcision to minor and almost harmless 
inutiiationb of one's body and limitations to one’s fieedoin. 

The same questions weie asked m November, 1934, of 58 students 
and teachers of psychology, mostly between 25 and 35 years old, and 
about equally divided between men and women The answers were 
written anonymously About five-sixths of the group were students, 
and It may safely be assumed that three-fourths of the group had 
no present or future income beyond earnings Very few, however, 



TABLE 1 

Estimates of the Amouijts of Money Which Would Induce the Persons 
IN Question to Do or Suffer the Thing in QxraioN 
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were destitute oi leceiving public relief as all in the other group 
were 

All the general characteristics of the returns aic the same lor 
this giniip as for the other They too nialce extiavngant demands, 
expressing the aversions which they feel lather than reasonable 
balancing of the pain, depiivation, or flustration against what money 
can buy They too suffer from inner compulsions They too prob¬ 
ably undervalue security from hunger, cold, and exposure. 

The medians for vaiious items aie presented in the last column 
of Table 1 They aie of the same general magnitude as those for 
the othei group, and hold much the same relative positions. The 
chief diffeieiices are; 

1, Greater aversion to spitting on pictures of Dai win and Wasli 
ington (40 to 10) 

5, Gieatei aversion to causing a disgraceful disturbance in churcli 
(10,000 to 1,125). 

7. Greater aveision to losing time by sleep (100,000 to 14,000) 

8 Less aversion to sheer pain and discomfort (3,000 to 22,000) 

9. Less aversion to spitting on a picture of one’s mother (5,000 
to 24,000) 

10. Less aversion to eating the woim or beetle (5,000 to 3,800) 

13. Greater aversion to eating human flesh secretly (1,000,000 

to 75,000). 

No one of these by itself has much reliability because of the great 
variation within both gioiips. If they agree m supporting some one 
explanation of themselves, it would be worth consideration, but they 
do not, Though 8 and 10 suggest greater reasonableness In the 
psychology gioup, 13 and 14 oppose this. Though 1 and 5 suggcat 
greater sensitiveness, oi greater conventionality, 9 and 3 oppose this 

On the whole, it is safest to treat the differences between the 
two gioups as iinimpoitant 

As has been suggested earlier in this report, the imagined valua¬ 
tions expressed by these show ccitain fcatuies of ical valuations, 
especially a tendency of cducfitcd peisons to order then preferences in 
teims of money price limited by the conviction that certain states of 
affairs aie so undesirable that no amount of money can compensate for 
them. 

The sciences of man are tempted to describe and measure the 
causes of corvdvict by some simple and logical scheme Benthaen’s 
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IS the most famous of such Lewin^s is the latest. Any scheme must 
I think take account of certain positive wants, desires, drives, im¬ 
pulses or preferences pro and of certain negative wants, aversions, 
or preferences con which are infinitely strong in the sense tliat the 
person in question in the situation m question does not treat the status 
or tendency in question as a quantity to be weighed m comparison 
with others, but as something utterly desirable or mtoleiable To a 
thirsty infant a drink is wortli everything in the sense that he 
Claves it wholehcaitedly and irrespective of all else Even after 
many years of training in quantifying the force of all sorts of de¬ 
sirable and undesirables by thinking of thcii consequences and of other 
alternative possibilities, much obscssiomil activity remains. A licdonic 
calculus, or any other calculus of motivation, must reckon with it 

Students of valuation disagree about the extent to which values 
arc commcnbui ate, so that for any given person in any given situation 
tlic relative magnitudes of the values to him of, say, a feeling of 
iafety, a compliment, the beautiful sunset, a long-deferred smoke, 
and the cessation of a toothache can be computed► A safe step to- 
waul a solution is to realize that if the person does in fact prefer 
A B, then he has set A as gi eater in value than B no mattei how 
disparate they may be. 

Our expciiment illustrates both the wide range of such valuation 
and some of its difficulties, in the case of negative values. Using 
money as theit measuie, some persons can in thought, and probably 
could in reality, readily put our 51 mutilations, pains, deprivations, 
degradations and frustrations into an order of preference. Some 
persons rebel against the task But their rebellion occurred not in 
propoition as the undesirables are unlike but in proportion as they 
are gieat, The more convincing illustrations given in arguments 
against commensurability aie likely to be cases of great beauty, great 
elevation of spirit, great bodily pain, great shame, and so on, The 
very man who insists that one scale of value for literary delights 

and smoking js impossible will admit that he preferred to use six¬ 

pence for Punch rather than cigarettes, or vice versa. It may he 
hard for him to decide whether he prefers to give up all reading for 
two months or to give up all smoking for ten years But that may 

not be because of the in comparability of the satisfactions, but be¬ 

cause both are intolerable. 
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The Intercorrelations of the Valuations or Certain Sorts 

OF Items 

If we examine the values put upon the items (I, 2, 7, 8, and 11) 
affecting peisonal appcaiance chiefly, we can put 58 of the psycliologv- 
club gioup into a piobable oidei for the magnitude of their demands, 
though the difficulty of combining infinity ratings with the others 
makes it only a probable older. The same can be done for 14, 16 
and 17 {the dtscomforts of being unable to chetOj taste and smell) , 
for 48, 49 and 50 {discom/ofts of pautj )es/j/ctjve dietj and depnva- 
tion fiom suga), tea, coffee, tobacco and alcohol) ; for 18, 19, 20 and 
22 (loss of time and 71107 e 01 less disrepute) , foi 23 to 30 (lestni- 
ttons on habitat) , and for the moic 01 less 1 evoking expciicnccs of 32 
33, 34, 35, 39, 40 and 42 (eating beetles and wot ms, choking cats, 
etc*) 

The mutilations and serious deprivations have too many infinite 
demands to justify lankings m icspcct of them 
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Intercorrelations of Groups or Values* 
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I have grave doubts concerning the amount of correspondence be^ 
tween tliese ranks and the ranks that would be obtained if some 
eccentiic millionaiic should make offers of real money to the persons 
m ciuestioiL Tiiey arc, howevei, probably as significant as any that 
can be obtained by any such expressions of opinion. So I have 
computed the mteicoi relations, and the paitial cot relations when tlie 
pel sons are loughly equalized in respect of their general degree of 
aversion (bv summing the six ranks for each). 

The inteicorrclations of the six composites are as shown in Table 2. 
Along with them are shown the same inteicorielations for 20 young 
unemployed males and 19 young unemployed females, but these 
should liavc little w^cight. 

With the exception of composite 3 foi the unemployed females, all 
the conelations are positive We may conjecture that in a genuine 
experiment individuals would still diffei, though peihaps not to the 
same extent, m the general strength of their aversions There is 
no sure constellation of these reported aversions, though 1, 2 and 4 
seem more closely linked than can be explained by the general ten¬ 
dency to feel strong aveisions, or the general tendency to use too 
high a scale, or both. 

TABLE 3 


Intercorrblatioxs of Groups of Values, after Eoualization in Respect 
TO TfiE Sum of 1-6 
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The partial correlations of Table t repoit tic intercorrclations 
wiici would be found among persons identical in tlicir total amount 
of expressed aversion, and consequently must be negative on tie 
average. Tlicy do not oppose our conjectures Weigliting them as 
3| 1 and 1 (witbout troubling to mab zeta transloiinations), 1,2 
and 4 show partials of .01, - 07, and -.16 At tie otiicr extreme 
arc 3 witli 4 and 5 with 6, having partials of -.SO and -.35 Tlic 
median of these weighted partial I's is -14 

Tmlieii Cullens 
CoUia Cmsniij/ 

^ew Joii Clin 




FAVORABLE AND UNFAVORABLE ATTITUDES TO¬ 
WARD PREGNANCY IN PRIMIPARAE* 

Deportment of Psychology^ The University of Chicago 


Marian A Desprcs 


I Orientation 

In the last decade there has been a decided shift among cliniciaJis 
and teachers dealing with children's problems fioin emphasis on the 
child, to emphasis on the paient-clnld relationship The mother- 
child relationship especially has become the focus of attention 
Theieforc it is of intciest to know what the mother's reactions aic, 
uncomplicated by the sex and peisonality of the child, and what 
factors influence this attitude most stiongly The piesent study 
ot the attitudes ot expectant mothers was undertaken with this 
problem in view. 

The wilt mgs of David Levy (6, 7) contain one of the most fei- 
tilc hypotheses on factors influencing the inateinal attitude toward 
the existing child His suggestion that the mothci's early emotional 
impoverishment, too much eaily responsibility, and unsatisfactory 
marital adjustment, among other things, affect her later attitude, 
was adopted foi this study of the factors influencing the woman's 
attitude toward her expected child Other factors that were 
thought to be of potential impoitance for the attitude of the primi- 
para, and so were included foi consideiation in this study were* 
{a) the subject's ordinal position in her family, {b) the number 
and sex of her siblings, (c) the age at which she obtained her sex 
information, and the sources from which it came, her feeling 
of economic security duiing mariiage and picgnancy, (e) her neuro¬ 
tic tendency, and lastly, (/) the physiological manifestations of noi- 
mal development and pregnancy, 

II Method and Procedure 

Cntei ton 

One important ppipose of this investigation was to determine 

•Recommended for publication by F A Kingsbury, and received In the 
Editorial Office on February 5, 1937 
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whetlicr entities amorphous as attitudes toward pregnancy and 
influences contributing to it could be studied by an objective method 

Previous studies of the mother-child relationship had used as 
criteria the psychiatrist’s or social worker’s opinion of the mother’s 
attitude This is extremely subjective, demands either a full case 
history or a long time observation, and judges the mother in teims 
of her actual behavior toward the child. Attempts liave been made 
by Laws (6) and by Fitz-Simons (2) to And objective standards, 
but their methods also demand a long experience with the actual 
mother-child relationship In the present study, the writer could 
not use any critciion depending on the already existing relationship, 
and did not want to use any critciion that would take a long time, or 
that would depend on a personal evaluation. Therefore, it was 
decided to use ns entenon the total scoic on a number of questions 
directly concerning the woman’s feelings toward piegnancy and the 
manner in which it affected her daily life 

The Q ue$ii<innaii e 

A questionnaire was also decided on as the best method available 
for obtaining the type of information desired The answers to the 
questions are not taken as facts, but as events that have been shaped 
in the subject’s memoiy by her needs «and desires, especially in the 
light of her piesent experience. The emotional coloring she gives 
to past events is moic important for this study than their factual 
accuracy. Therefore, the answers are taken as they arc given, but 
they aie not to be understood as literal representations of the past. 

The questionnaire contained sections on descriptive data, sex edu¬ 
cation, physiological functions, childhood, marriage, and pregnancy 
This last section served as criterion. Each question was made as 
specific and simple as possible, and was answerable on a graphic scale 

At the end of the questionnaire was a short version of the 
T burs tone Personality Schedule as revised by R. R. Willough¬ 
by (10). 

Sfrtnsiicai Tuaiment 

The questions were scored by a stencil that divided the line into 
five equal parts 

After experimenting with the available correlational methods, 
It was found they wcie not satisfactoiy, so it was decided to use tlie 



MARIAN A Dl< SPUES 


243 


method of group difterences The groups to be compared were the 
most favorable and least favorable quarters of the whole gioup 
evamincd, chosen on the basis of their scoics on the criterion sec¬ 
tion. Separate items were scored in both these groups and when 
the obtained difference between the two means for any one item 
was grcatei than three times its prpbablc eiroi, it was considered 
significant enough to be given fuithci discussion 

In some cases the answeis to the desciiptivc questions were given 
in teims of two categories Instead of on a scale Foi these, the 
piobablc erioi of proportion (5) was used and the difference divided 
by Its piobablc crior handled in the same way. The probability 
that these diffciences -were ical could then be compared for all 
types of data 

The reliability of the sepaiate items of the questionnaiie was 
detcimined by using the coefficient of contingency The reliability 
of the total score on each section was mcasuied by the Pcarsonian 
coefficient of coi relation 

Piocediue wtlh the Individual Snb)ect 

Tile subjects wcie seen in the regulai pie-natal clinics of the 
Lymg-In and Michael Reese Hospitals m Chicago The question¬ 
naire was filled out in a piivate inteivicw with the wiitcr while the 
subject was making her routine clinic visit A unifoim approach 
was made to all subjects and uniform instructions were given The 
patient understood that filling out the questionnaire was voluntary 
Thcie were almost no icfusals 

Gioups to IFJiojn Qnestionnmt e Was Given 

The questionnaiie in rough form was first given to several pre- 
liminaiy groups to see if icsults could be obtained by this method, to 
sec whethei the subject responded best to a vcibal oi to a giapliic 
scale, and to see which questions were phiascd so as to be easily 
understood by the gioup foi whom they were intended, After going 
over these papeis carefully, omitting words and questions that wcie 
not deal or easy for the subjects to understand, the questionnaire 
was thoroughly revised and put in final form 

This foim of the questionnaiie was then given to 100 unsclectcd 
primiparae After this gioup was completed, the questionnaire was 
repeated with 25 of the same subjects in order to test the reliability 
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of the questionnaire itself It was not necessary to repeat the giv¬ 
ing of the Personality schedule since its reliability is already given 
by Willoughby (11)* 

AViiile 153 women who were approached cooperated entirely, four 
others approached in the same manner were unwilling to answer the 
questionnaire, giving as reasons that they would rather not, they 
couldn*t remember then childhood, or that they were afraid they 
would lose tlieii place in line to see the doctor 
DesciipU07i of Subjects 

Eighty six per cent of the final gioup were bom in the United 
States. The average age was 23 17 Forty-one were Protestant, 
38 were Catholic, and 12 were Jewish Nine had othei religions 
or none, The average school attendance for the group was 9 73 
years. The subjects had worked an aveiage of 4 80 years, and the 
present yearly income was between $540 and $1,500, Eight sub¬ 
jects were dependent oi on relief, and three had incomes between 
$1,500 and $2,400. 


III. Results 

Relialfihty 

Tile reliability of the separate questions as measuied by G ranged 
in magnitude from 48 to 85. The mean was at 75 40, 

The reliability of the total score of each section of the question¬ 
naire was determined by the Pearsonian coefficient of correlation 
Tlie reliabilities of the sections wcic: 

I Childhood -f-.90^*01. 

II Marriage -hSlih.02. 

III. Pregnancy + 86±.02 (Criterion). 

Validity 

The relationships and facts by winch the entenon is validated 
are as follows; 

1. Tile ciiterion asks direct questions concerning the attitude 
being measuied, 

2. The criterion shows laige group differences between the first 
and fouith qusii tiles of a fairly homogeneous group. 

3. The internal consistency of the criterion section is high The 
agreement between it and all the items of which it is composed 
indicates that the items, though diflercntj aie closely related. 



TABLES lA AND IB 

Comparison of Favckable and Unfavorable Primiparae in Respect to Descriptive Data 

Data Sheet 1 
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column headed “Item” 

Each item is scored in terras of its natural unit except '^^fced work” which was arbitrarily scored from 1 to 3, 3 indzcaUDg 
the Strongest liking for work n » i • j 

Ad parent mathematical discrepanaes m this and the followjug tables arc due to the fact that all calculations were made 
with four place numbers which were then reduced to two places In do case does this alter the final probability 
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TABLE 2A 

Comparison of Favoradlc and UNrAVORADLK Primiparae in Respect to Spx 
Education and Physiological Data 


Data Sheet 2 
(PE of the difference) 


Item 

Mi 

Mi 

PEj, 

D 

PE„ 

Age of learning 

re sex 

16 09 

13 83 

.58 

—5,90 

Age of learning 

re birth 

U 62 

12 13 

55 

—2 70 

Age of learning 

re menst 

11 89 

1176 

37 

— 35 

M cnstrueliori 

Pain 

1 00 

1 60 

22 

2 74 

Age at onset 

13 0+ 

13 36 

31 

1 04 

Duration in days 

4 23 

4+4 

25 

48 

Interval 

27.64 

27 9S 

I 02 

30 

Nausea 

Duration in wteks 

4 63 

3 00 

1 08 

3 09 

Severity 

1 0+ 

1 64 

21 

2 83 

Daily frequency 

1 32 

1 52 

20 

98 

Week it began 

5 13 

5 19 

62 

10 


4 Tlic results agree in many respects with those of analogous 
studies on the mother-child lelationship, 

S, The Items of Sections I and II that show most agreement 
with the criterion build up a consistent and logical pictuie of factors 
associated with a favorable or unfavorable attitude toward pieg- 
nancy, 

6 The range of scores on the ciitenon was 8 to 39 out of a 
possible 8 to 40* This range and the fairly normal distribution of 
scores indicate that lack of frankness m the subjects, if any, did not 
seriously affect results. 

Relatio^i of Neurotic Tendency 

A question closely related to the validity of the investigation is. 
how far arc the items that are related to an unfavorable attitude 
toward pregnancy chiefly the expression of a geneial neurotic ten¬ 
dency The results of measuring the Inventory against the criterion 
follow’ 

Ml Ma PEjj TEjy 

19 56 me 2.75 422 
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TABLE 2B 

Compartson of Favorable and OwrAvoRADiE Frimiparae in Respecf to 
Sex Education and Physiological Data 


Datn Sheet 2 
(PE of the proportion) 


Item 

Pi 

Pa 

PEd 

D 

PEd 

Baby planned foi 

&0 

,37 

08 

—5 18 

Complaints 

36 

64 

09 

3 08 

Used contraceptives 

12 

36 

08 

3 08 


Crabby 

,44 

67 

,09 

247 

Has pains 

52 

68 

.09 

1.76 

Depressed 

24 

35 

09 

1 25 

Tired 

44 

54 

10 

1,05 

Dunuff pregnancy 

Vomited 

44 

.SO 

DP 

419 

Nauseated 

52 

,80 

09 

3 26 

Subjects and Sonices of Sc\ 

Education 

♦Fncnd—total 

20 

40 

05 

3 92 

'‘’Sistci loinl 

17 

01 

03 

—3 82 

Sistei sex relations 

25 

00 

06 

—3 82 

♦Misc total 

01 

09 

,02 

3 33 

Sister birth 

16 

00 

05 

—-3 26 

Friend menst 

08 

30 

07 

2 97 

Misc > sex relations 

00 

13 

.05 

2,17 

Friend birth 

.24 

46 

09 

2 47 

Rcl menst 

08 

00 

04 

—2?2 

Mother* menst 

72 

52 

09 

—2 17 

Mother birth 

48 

33 

09 

—1 51 

Misc ’ metist. 

.00 

04 

03 

143 

Father' sex relations 

30 

.43 

10 

1.32 

♦Mothei total 

48 

40 

08 

*-1 05 

♦Rel total 

10 

07 

03 

— .97 

Rch. sex relations 

IS 

09 

07 

— 89 

Misc , birth 

04 

08 

04 

.88 

Rei birth 

08 

12 

06 

70 

Mother sex relations 

30 

35 

.10 

52 

Siaicr menst, 

12 

13 

.06 

16 


♦The starred items are based on 3 questions instead of 1, so there ore 
70 in each of the contrasting groups instead of 25 as there are for the 
other questions 


The Pearsonian correlation coefficient between the neurotic scores 
and the different sections of the questionnaire were’ 

I Childhood + 49zt 05 
II Marriage + 32ih 06 
III Pregnancy -f-38± 06 (Criterion). 
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TABLE 3 

Comparison of Favoradle and Unfavorable Primiparae in Respect to 
Data on Childhood 


Section I 

(PE of tht difference) 


Item 

Ml 

Ma 

PEd 

Relia- 
D hihty 

“PEjT c 

Total score 

56 20 

68 96 

2.42 

5 

28 


Home life 

1 16 

216 

.19 

5 

20 

79 

Mother kind 

112 

2,12 

19 

5 

18 

79 

Mother irritable 

2 37 

3 43 

21 

5 

09 

72 

En)Q>cd care of sibs 

157 

2 57 

25 

4 

00 

79 

Scolded often 

2 20 

2.92 

19 

3 

71 

62 

Care of sibs 

1 12 

2 20 

30 

3 

59 

74 

Happiness 

1 32 

2 08 

22 

3 

38 

66 

Pnrentul harmony 

1 32 

2 12 

25 

3 

27 

82 

Mother’a time 

137 

2.16 

24 

3 

25 

76 

Mother consistent 

1.67 

229 

,22 

2 

86 

69 

Restraint by family 

2 60 

3 12 

20 

2 

63 

67 

Mother fair 

1 56 

2,16 

24 

2 

52 

75 

Mother answered questions 

2 20 

3 04 

,34 

2 

49 

80 

Joined games at school 

1 40 

1.80 

16 

2 

47 

67 

Prefciied play with boys 

2 0+ 

,2^8 

19 

2 

28 

79 

Opportunity to play 

1 72 

2,16 

24 

1 

84 

70 

Free to ask mother questions 

2 27 

3,48 

34 

1 

,82 

74 

Punished often 

1 92 

236 

,25 

1 

77 

67 

Sex curiosity 

2,80 

3.16 

,25 

1 

44 

77 

Father irritable 

2,28 

2.58 

24 

1 

,29 

66 

Quarrel with brothers 

2 08 

1 72 

,31 

—1 

16 

69 

Father kind 

1 6+ 

1S8 

24 


99 

SO 

Use of opportunity to play 

1 SO 

1 67 

20 

— 

68 

59 

Reaction to first menst 

3 16 

3 32 

26 


,62 

78 

Father’s time 

2 32 

2 20 

27 

— 

44 

74 

Housework 

2 68 

2 60 

23 

— 

35 

83 

Quarrel wUh sisters 

2 20 

2 20 




69 


Tl»e units in this chart nrc score vnliics on the rating scale from 1 to 5 
The higher the score, the more it is associated with an unfavorable atti¬ 
tude on the part of the primiparae A minus sign, here as before, indi¬ 
cates that the mean of Gioup I is Ini^rer than rhe mean of Ornim IT, or 
tliat a particulai item is associated with the opposite reaction of what was 
expected in making up the questionnaire, 

C The reiinbihly of each question is shown here as measured by the 
coefficient of contingency. 

Till's indicates a positive relation It is interesting that neurotic 
tendency is more closely lelated to childhood than it is to the atti¬ 
tude toward prcgnaiicj' 

A more detailed study was made of the relation to the Neurotic 
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TABLE 4 

Comparison of Favorahle and Unfavoradie Primiparae in Respect to 
Data on Marriage 
Section II 

(PE of the difference) 


RcUa- 


Item 

M, 

M, 

PE„ 

D 

PEd 

bility 

C 

Total score 

26 16 

32 2g 

1 04 

5 91 


Economic security 

1 60 

2 42 

20 

4.02 

71 

Parents approve marriage 

1 12 

1 96 

.21 

4 00 

82 

More social life than before 

2 04 

2 92 

22 

4 00 

76 

Husband likes same people 

1 72 

2.28 

14 

3 92 

68 

Desires career 

1 16 

1 88 

20 

3 57 

48 

Enjoys sex lelations 

L56 

2 20 

18 

3 49 

79 

Liking vs expectation 

217 

2.76 

22 

2 66 

74 

Disagrees with husband often 

1 96 

2 44 

18 

2 65 

70 

Moie money than before 

3 40 

3 92 

24 

2.13 

73 

Wanted to leave home 

2.20 

1.83 

29 

—1 27 

63 

Would rc-marry 

2 75 

3 08 

32 

1,02 

69 

Reason for working 

2 26 

2 06 

31 

— .67 

78 

Preparation for mainage 

2 52 

239 

24 

— 54 

64 


TABLE 5 

Comparison op FAVORAnr p and Uniavorapie Pri^iiparah in RBsrrci to 
Data on ParcNANcr Critfrion 
Section III 

(PE of the difference) 


Rclia* 
D bilily 


Item 

Ml 

M» 

PEb 

PEd 

c 

Total score 

11 60 

25 88 

.50 

28 69 


Wish to postpone it 

1 32 

4 08 

.24 

11 63 

70 

Would choose preg again 

1 17 

3 28 

21 

10,05 

76 

Fears being kept home 

1 12 

2,92 

.19 

9 56 

77 

Fears labor 

1,32 

3 40 

22 

9 39 

80 

Disposition changed 

Wants job Inter 

220 

4 00 

.20 

9 00 

81 

1 04 

2 36 

.21 

6.18 

85 

Depressed 

2 20 

3,72 

25 

6.00 

77 

Fears expense 

128 

2 46 

23 

S.U 

81 


Inventory of the items found most significant for the attitude to- 

waid piegnancy Of these, 43 items whose ratio -— was ovei 3, 

PEd 

only 8 had cejuai or more signilicnnce for the neurotic tendency. 
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These were: husband employed, total attitude toward cliildhood, 
home life and happiness in childhood In marriage the significant 
items weie the total attitude, financial security, liking the same 
people as the husband, and good sex lelations In pregnancy the 
significant items were* fearing labor, feeling depressed, and thinking 
the child will be too gieat a financial burden. 

IV Discussion of Results 

Inl€i jii etatton 

This study shows some of the factois most frequently found with 
a favorable or unfavorable attitude toward pregnancy in the primi- 
paia It IS desiiahle to know the nature of these associations, that 
IS, which factors aic causal \n relation to the mam attitude, which 
are symptomatic, and which aie ielated only through a common 
thud factoi It would not be justifiable to diaw conclusions as 
to the nature of the relationships fioni the piesent investigation, 
as it shows only some of the factois between which such iclationships 
do exist. The time sequences, however, aie highly suggestive, so in 
the following discussion, the items me classified accoiding to 
whether they occur bcfoie or during the peiiod of gestation or both 

A. Facials Tempotallv Pteceduii} Pregnancy, 

1, Emotional impoverishment tn childhood. The mother's 
early emotional impoverishment is associated with her later un¬ 
favorable attitude toward pregnancy just as Levy found it to be 
associated with an attitude of rejection or ovcr-protection towaid 
the actual child. A close relationship in childhood between the 
subject and her mother is definitely associated with a favoiablc atti¬ 
tude, while lack of such relationship is associated with the opposite 
feeling, Tlie subject’s relationship with hei fathci seems much less 
important. This finding is ie-inforced by a similai finding in the 
study of Stemsnid and Wardwcll (9) This may be because the 
father is away from home so much that strongly emotionalized con¬ 
tacts with him are much less frequent than with the mother It 
might also mean that in our present society fewer men than women 
in a normal group develop extreme emotional attitudes Having 
siblings, especially brothers, conditions the subject favorably, but 
having to care for them too often is an adverse factor More only 
children are found m the unfavorable group. Quarrels with brothcis 
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nade no difference either way. Social lelationships out- 
nc were less important than those within^ and probably 
,uccess or failure of the more primary family relation- 
total situation IS more important than any single factoi 

ily 7 espofisihfhty. Eaily responsibility in the form of 
iblings IS an. antecedent factor that is associated with an 
attitude towaid pregnanej^ If the subject enjoys car- 
lings, It becomes a favoiable factor Having to help 
onsework was the usual custom of the group studied, 
accepted without emotional friction by most of them 
ig docs not correspond to Levy’s theory concerning 
1 attitudes It shows that early responsibility is not 
factor if the subject enjoys that responsibility, It also 
It the effect of any given responsibility on the subject 
by her economic status and personal evaluation of it 
V educatiori^ Sex education, in most cases, occurs in the 
woman before her attitude toward pregnancy is eslab- 
t may be a partial determinant of that attitude, or both 
Its of a common cause The results m Tables 2 A and 
jroup I was oldei than Group II at the time of learning 
of sex relations All cases where this information was 
fore 10 were found in the unfavorable group. The 
may be an advantage for several reasons It may mean 
bjcct had a richer environment as she developed, so her 
St in sex was subliminated. It may mean that she lived 
home or neighboihood than the girl in the crowded 
e attention is forced too early into sex matters Oi it 
simply that sex adjustment was innately not a serious 
r her 

T sex information from the mother is not necessarily 
Many women who receive this in formation fiom their 
y receive it in the form of warning against men, A sistex 
»er to the girl’s own age and who is not bound by the 
f an earlier geneiation is here shown to be a favorable 
the girl gets this information from a friend, or other 
rce, either because her curiosity is suppressed at home, or 
information is thrust on her outside before she is ready 
s likely to be associated with an unfavorable attitude 
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Previous studies, such fis tliosc of Piggc (1) and Oleason (4) have 
indicated that the mother's sex instruction is a factor m the later 
relationship to hei child. This study shows it is also important for 
the attitude of the prospective mother. 

4 /idditwnal items There was a significantly greater percen¬ 
tage of Jews in the iinfavoiable gioup. A definitely greater propor¬ 
tion of Group 11 had complaints to make about affairs in general 
These complaints were chiefly concerned with finances, relatives, or 
geneial liealtli Moie of the unfavorable group used contraceptives 
at some time or other, and fcwci of them said they had planned 
to have the baby. 

B* Stffiultaneous Factors 

1. Physiological concomitants of piegiiancy Nausea and 
vomiting, and a moie prolonged period of nausea are much more 
likely to occur in the unfavorably disposed pnmipaia than in the 
favorable one. While nausea and vomiting in pregnancy doubt¬ 
less have more than one cause, the results of this study indicate 
that the psychological-emotional ones are of prime importance 

C. Factors that Occut Befote and During Pregnancy 

1 Martial situation The aspects of the marital situation that 
are associated with a favorable attitude toward piegnancy are* 
financial security, social and sexual compatibility Here again the 
woman's adjustment to the whole situation is more important than 
any single item, A satisfactory general adjustment, however, implies 
successful adjustment in most of the smaller details of married life. 

Levy says that anything that narrows the emotional life of the 
mother mav cause her to be ovci-protective toward the child. He 
also says tlie chief cause of such a nairowing is unsatisfactory 
sexual or social life in marriage The present study shows that 
this factor is also operative in producing an unfavorable maternal 
attitude before the biitli of the child Examples of a narrowed 
emotional life were given in the verbal statements of three of the 
subjects scored in the unfavorable group who wanted a child 
because their own mothers had lecently died, or because their fami¬ 
lies were in another city and they felt lonely. This study shows the 
question of financial security to have relatively more importance than 
Levy and others have attributed to it. 
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2 Nemottc Teiidency Women who resent the fact of then 
pregnancies aie definitely moie neuiotic than women who do not, 
Neurotic tenciciicv alone, howevei, does not account for an unfavor¬ 
able attitude, This is shown by its lack of relation to many of the 
Items most closely associated with the general ciitcnon 

The Items associated with a neurotic tcndciicv seem to be moic 
gencial and subjective than the items associated with the specific 
attitude toward pregnancy, with the notewoithy exception that 
neurotic tendency as here measured is consistently associated with 
lack of economic secuiity, 

D Results Relatiug to Method* 

1, ISIatuie of the subjcci gionl> It is important to remember 
tliat these results apply to a lower middle economic group only 
Infeiences can be made fiom this to other gioups, but the differ¬ 
ences must always be carefully watched for. 

2 Inter? elation of significant facto? t Many of the facto is 
shown above to be closely related to the attitude of the primipaia 
aie inteidependent They must not be legardcd as scpaiate items, but 
always as within a i elated whole. It was previously men¬ 
tioned that this study cannot indicate the nature of the interielation- 
ship of these factois, With diffcicnt individuals, diffcient items will 
assume vaiying amounts of relative importance A single item can 
never be considcicd as predetermining The significance of anv one 
lies in its lelatioiisliip to the whole complex of factois 

3 The study of niatenial attitudes during pi^egnancy* This 
study shows beyond doubt that women's attitudes toward then 
expected children arc widely diffcientiatcd and can be examined 
before tlie birth of the child, though there is no absolute proof that 
these attitudes would lemain the same after the child is boin 

4 The questtonnaije method* The present questionnaire had 
a weakness which could be eliminated in future investigations of 
this type This was lack of claiity in some of the questions, due to 
ambiguous phrasing, and occasionally, to the use of woids beyond 
the understanding of some of the subjects, though most of the diffi¬ 
cult woids were eliminated in the preliminary form This same 
criticism holds true of the Clark-Thurstoiie Inventory While it 
was usable undei the present circumstances, nevertheless it was vali- 
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dated on a group of college students and should be modified for a 
gioup with less education. 

The advantages of the questionnaire 'vvere that it gave information 
on the subject over a long range of yeais. It enabled tlie writer 
to examine comprehensively a great many more subjects than would 
have been possible by free interviews or regular social histones m the 
same length of time. Its objectivity, as fai as the examiner was 
concerned, eliminates some of the sources of error of other methods 
of personality study. 

Tins method presents an opportunity for detailed analysis of pre¬ 
vious theories, points a way to new theories, and permits study of 
a large number of subjects with very definite controls This study 
has definitely shown the questionnaire method can be applied wit! 
profit to a field heictofore reserved for case studies and analyses 
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A COMPARATIVE STUDY OF SIZE CONSTANCY^ 

The Animal Laboratory, Department of Psycholoffy, Columbia Urn^versity 


Norman M Locke 


Introduction 

Sizes mafntain a certain stability oi constancy of psycliological 
response in man* The size of the image of an object piojcctcd upon 
the retina fieqiiently bears little relation to the ensuing report of the 
size of tliG object Itself Of two objects m the visual field, the one 
with tlie larger retinal image is not nccessaiily the object judged 
to be largci. An object is judged as "large" or "small’^ vvlien the 
retinal piojection of that object and the consequent laws of perspec¬ 
tive are at variance with such a judgment Ovei a wide range of 
retinal chetnges, liowever, the intcgnty of the original size is main¬ 
tained. 

The present investigation was earned out m older to discovci 
whether size constancy were present in the peiccptual response ot 
the monkey, and, if so, to measuic this constancy, and to compare 
the results with those obtained from human childien and adults 
undei similtu conditions. 

Previous work in this field with animals as subjects is rathei 
IjniUed KoliJei (9) repojts tliat his cbimpnnzccs coricctly chose the 
larger of a pair of boxes in each of the 20 iespouses given, wlicn 
the physically larger box cast a smallei ictinal image than the 
physically smallei box. The side of the boxes facing the animals was 
9x 12 cm., and 12 x 16 cm The distance separating the two boxes 
varied from 50 to 90 cm The retinal image of the larger box 
was from 37 to 72 per cent smallei than its compaiison box A 
fuithcr study is that of Gotz (5) who found that chicks displayed 
the same type of perceptual reaction. The chicks chose a laigci 
grain of coin when its letinal aiea was 1/30 of that of a smallei giaiii 
The small corn was placed 15 cm* from the chick and the large 

♦Accepted for publication by C J Warden of the Editorial Board, and 
received in the Editorial Office on February 18, 1937 
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grain vaiied up to 169 cm The giains were in the proportion of 
4 5, the linear dimensions being 2’2 24. 

Research conducted upon childien is centered about the problem 
of the development of size constancy Klimpfinger (8) and Beyrl 
(1) state that there is a noticeable development in this constancyj 
that very young childien possess it to a slight degiee, and that theie 
is a direct rehationship with agCj the high point coming between the 
ages of 10 and 15. Burzlaff (3) and Frank (4) feel that chil¬ 
dren's equations aic no diffeieiit from those of adults and that the 
differences found result fiom the method employed, Weber and 
Bicknell (13) icpoit highei points of equation for children than 
foi adults Compaiativc findings with adults are reported by these 
investigators Thouless (12), using only adults as subjects, states 
that tiicrc is a decrease in equation point with age 

Method and Procedure 

The apparatus duplicated the arrangement used in a discrimination 
problem A large table 80 cm high, 50 cm wide, and 3 m. 67 cm. 
long, divided in the ccntci by a partition 20 cm high which ran 
the IcngtJi of the table, was placed diiectly in front of the subjects 
The tabic and partition were painted a flat black, The entire out¬ 
field was restricted by a white cloth which was hung ne\t to the 
wall of tlic room on both sides and to the front of the stinaulus 
table The stimulus objects were two cardboard squares—a standard 
and a comparison object, which were placed on one side or the other 
of the partition. These will be described m greater detail below 
The room lights overhead wcie always turned on, and additional 
illumination was provided by two 200 watt lamps directed at the 
table. This lighting was so ai ranged that there were no shadows 
in the visual field When testing the animal subjects a reaction cage 
was placed flush against the table, the shutter opening of the cage 
being slightly above the top of the table. When tlie human sub¬ 
jects were tested, the reaction cage was replaced by a heavy white 
cloth which enclosed the subjects, and in front of which was placed 
a beaver-board screen. All positions and distances weie kept In tlie 
same relative proportion for human and animal subjects Further 
details and complete measurements of the appaiatus will be found in 
a paper by Locke (10), 
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Tfie animal subjects were three male Rhesus monkeys, 4, 
and 6 years of age. These animals followed the icgulai routine 
adopted by the Columbia Animal Laboratory as described by Locke 
(10) The monkeys had previously been used in discrirnination 
experiments and were well adapted to the experimental situation 
The tlnee children used as subjects were two girls—one aged 4 
years 9 months, the other aged 4 years 1 month, and a boy aged 
4 years 3 months. The adult subjects finally selected were six 
graduate students These individuals wcic cooperative and expressed 
an active interest in the expeiimcnt. 

The procedure adopted with the anitnal subjects can be divided 
into the training senes and the critical senes, The monkeys wcic 
transported in a rolling truck from their living quarters to the 
experimental room. In this lOom they were trained to jump into 
a dooi in the rear end of the reaction cage, and then to face the 
wooden shutter m the front of the cage. When the shutter was 
raised the animals were in position to leact. The method used 
was essentially a discrimination method in whicli the animal would 
choose one of two presented stimuli 

The pjehnunary procedure was to tJnin the animals to choose 
the laiger of two gray caidboaid squares, one being placed on each 
side of the dividing partition, These stimulus objects were respec¬ 
tively 11 cm, square, and cm. square, They faced the monkeys 
m a frontal parallel plane, being held upright bj^ blocks glued to 
the bade. The monkeys would indicate their choice by reaching for 
a raisin in one of two small boxes placed on the table on each side 
of the partition. The correct and rewaided choice of box would 
conespond to the side on which the larger stimulus square was 
placed. Training continued foi a considerable numbei of tiials but 
the results were very poor, so this reaching icsponse was abandoned 
in favoi of a pulliiig-in technique. The sizes of the squares were 
changed to 16^ cm and 10 cm A icccss was sunk m the support¬ 
ing block of the stimulus squares and stiings were attached to 
these blocks, 'When the animal pulled the stiing of the correct 
cardboard it would obtain a raisin which had been inserted in the 
block. With this technique the monkeys learned very quickly to 
choose only the larger of the two objects. Different size stimuli 
were used, the dimensions being diminished at each change The 
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final sizes wcie I 6 J /2 cm square foi the larger object, and 15 cm 
square for the smaller object. The blocks, which now faced the 
animals, measured 5 x 5 cm for the larg^er caidboard and 4^ x 4 ^ 
cm for the smallei, both blocks being 7 cm deep. Since the table 
top was at tJie eye Jcvel of the animals only the front face of these 
blocks was seen. Table 1 reveals the numbei of responses requiied 

TABLE 1 

Si 7 E 01 Stimuli in Centimeters, Number or Trials, and Last Day’s Per¬ 
ce ntacf ot Correct Choice or the Larger of the Two 
Given Stimulus Squares 

Results with the reaching tcchnuiue and the pulling-in technique 
Reaching Piilling-in 



11 V 

+J4 

uyi V 

10 

H 

V, 10 

IS r 

12 

t 6 yi 

V 15 

Aniinnl 

N 

% 

N 

% 

N 

% 

N 

% 

N 

% 

Hector 

754 

69 

113 

95 

3+ 

96 

30 

90 

61 

100 

McncLiiis 

767 

63 

Ilf 

9+ 

30 

100 

11 

100 

5+ 

95 

Uly8>es 

7+2 

60 

U+ 

S6 


93 

13 

92 

29 

90 


With each technique to learn to choose the latgei of the two caid- 
boaids, The fintal number of tuals to Icain is obviously quite 
specific because of the clement of transfei from one situation to the 
other. Hovvevei, fiom a mejiodological point of view, the use of a 
puUmg-iti technique was far superior to a icaching technique 

Aftei the animals had leained to icspoiid to the laiger of the 
two stimuli, the smallei square was placed 55 cm from the animal 
and the laiger one was moved back, away from the animal, in suc¬ 
cessive trials The fixed distance of the smaller stimulus object was 
chosen so that tlie animal could not see the raisin in the well of the 
block, and vet not be too <ai away The icwaid was placed in 
the blocks of both the standaid and compaiison stimuli As the 
larger squaie was moved back fiom trial to trial the retinal image 
of the square diminished until a point was 1 cached at which the 
image of the physically largei square was smaller than that of the 
physically smaller square If constancy of size was a function in 
the perceptual mechanism of the monkey, u would continue to leact 
to the physically larger square regardless of the shrinking retinal 
size, and even Ikouffk the retinal ima^e was srnaller than that of 
Its cornpanson. 

In the critical 'Series it was desired to discover up to which point 
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this phenomenon of size constancy was opeiativc Measurements 
were taken by attaching metei sticks along both outside edges of 
the table Thus the distance from tlie eye of the subject to the 
stimulus could be read at a glance Because the .inimals wcic 
rewarded at cveiy icsponse, thcie being no ''coircct” oi "incorrect” 
choice, position and alternation habits developed It was necessary 
to intcrspeise tiie original laigc-small discriiiiination with the critical 
responses in oidcr to overcome these distuibing habits The pro¬ 
cedure finally adopted was to picsent the animals with both standard 
and variable m the same plane foi foiii tiials, icquiiing a icspnnse 
to the laigci, and then to give one cnticiil trial m whicli tlic larger 
stimulus object was separated from the smallci in increasing units 
of 5 cm. The responses in which the stimuli weie scpaiatcd in space 
arc herein mentioned as "ciitical” icsponscs In the piesentation 
of the stimuli a modified method of limits was used 

As the distance between stimuli increased the task of choosing 
the largci one became nioie and moie difficult as evidenced bv 
extensive comparison behavior. Finally a point was reached at 
which the animals would choose the phj^sically smallei object as 
being the laiger, which indeed it was from a phenomenal point of 
view In a descending senes the same piocedure was followed by 
starting with a distance large enough to insure a choice of the 
physically smaller object, and then decreasing this distance to a 
point at whicli the animal would shift to the physically larger 
stimulus. In all, one animal, Hcctoij was given 86 ciitical trials— 
43 in an ascending series and 43 in a descending series. The other 
animals were given 90 trials—45 ascending and 45 descending 
In addition to the usual contiols, such as shifting the stimuli from 
one bide of the paitition to the other, changing the stimulus objects 
for others of the same size and so on, it was ncccssaiy to make sine 
that the animals were not responding to the ncaici of the two objects 
Occasionally other sizes were interspersed as a further clicck, 

The procedure with the human subjects was to instruct them 
to report naively the appearance of the stimulus objects The 
physical sizes were to be ignoied, and the iespouse of "smaller*’ or 
"larger** was to refei to the way the objects appeared The analogy 
was drawn to looking from the loof of a very high building and 
noting the very small appealance of the size of the people below 
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The subjects were then told to report tvIucIi square appealed largei— 
not the one that was larger, nor the one they thotight should be 
larger, but just how they seemed to look The task was difficult 
for many individuals, only about half of those originally chosen 
were able to disregard the physical size. 

When the childien were tested, the stimulus objects were placed 
some distance apart and the children weie asked which one looked 
bigger It was unnecessary to give further instructions, foi these 
subjects readily and consistently repoited in terms of appearance 
The indicator response used with the childicn was to point to the 
side of their choice. 

The method of limits was used with the human subjects, the final 
distances being an average of 5 ascending and 5 descending trials 
Motivation was pooi with one child, Frank, The strings attached 
to the blocks of the stimuli were placed in the same manner for the 
human subjects as they had been for the animals, although tlie 
human subjects did not handle them. 

Results 

It will be recalled that the physically smaller object was placed 
at a fixed distance, 55 cm, from the subject and the physically larger 
object was moved back and away from the subjects until a point 
was reached at which the judgment of ^‘larger” would favor the 
physically smaller square* The averages of the ascending and 
descending series for all subjects are presented in Table 2 These 
scores represent the distiincc at which the response shifted from 
physically larger square to physically smaller square It will be 
seen that there are no typical diftcrences in the subjects studied 
The scores of the monkeys overlap both those of the human adults 
and childien. These scores can be transmuted into ratios in ordei 
to discover to what extent size constancy is piesent in the response 
of these subjects. 

If there were no constancy, as soon as the physically larger stimulus 
object cast a retinal image which was smaller than that of the 
physically smaller stimulus object, the subject would shift in his 
judgment and report the latter as being of larger size If there 
were complete constancy, the physically larger stimulus object could 
be withdrawn to a distance approaching the limit of visual acuity 
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TABLE 2 


Avprage Distance of Judgment, and Size in Logarithms of Retinal 
Imagf for E (Equation Size), P (PRojEerioN Size), and 
S (Standard Size), for All Sudjccts 



Subjects 

Distance 

E-sizc 

P-size 

S-fiize 

Animals 

Hector 

94 79 

1741 

.1582 

,2727 


Menclaus 

li: 54 

1479 

.1345 

2727 


Ulysses 

74 84 

2205 

200+ 

2727 

Childien 

Ann 

87.50 

1886 

1714 

2727 


Lee 

87.50 

.1886 

1714 

2727 


Frank 

140 00 

.1179 

1071 

2727 

Adults 

CS 

79 17 

.2084 

,1895 

.2727 


PE 

100,84 

.1636 

1488 

2727 


HA 

81 67 

2020 

1837 

2727 


HS 

95 84 

,1722 

.1565 

.2727 


JR 

71.67 

2302 

2093 

.2727 


JH 

92 30 

.1784 

1622 

2727 


and the subject would still report it as being the larger one It 
becomes necessary to measure the image that these objects cast on 
the retina in order to discover whether the psychological judgment 
of 'larger” or “smaller’^ varied as these retinal images vary in size 
According to Southall (11) the size of the retinal image at an 
object IS calculated in terms of the appaicnt size of the object, tlie 
latter being measured by the visual angle it subtends at the eye 
Instead of the visual angle itself, the tangent of the angle is here 
used. Thus the apparent size of an object is measured by dividing 
the linear dimension of the object by the distance irom the eye. The 
use of this principal point angle presents an advantage Southall 
states that since the positions of the principal points remain sensibly 
stationary in the act of accommodation, the reduced length of the 
eye-axis may be considered as constant in the same individual. Hence 
the peculiar significance of the principal point angle consists m the 
fact that according to this formula, this angle may be taken as a 
measure of the size of the retinal image which is independent of the 
state of accommodation of the eye Thus, for a given individual, 
all objects which have the same apparent size as measured at the 
principal point of the eye will produce letinal images of equal size 
We now have two objects of different sizes standing at different 
distances from the eye, and the retinal images of these objects is 

measured by — or the height of the object divided by its distance 
d 
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from the eye. The nearer object was 55 cm flora the eye and its 
height was 15 cm This smaller stimulus object was the standard, 
the size of its retinal image will be designated here as S The 16^ 
cm. square was moved back a given distance until the subject stated 
or indicated that it appealed smaller, this distance then becomes the 
denominator in the above equation. The equation point is trans¬ 
muted into terms of its letinal linage^ designated as £. 

TJie zero point of size constancy would be seen if E and S coin" 
cided, the point of complete constancy must be arianged with icfer- 
ence to the entire stimulus situation. To stay within the limits of 
the situation, complete constancy must be lepiesented by the hypo- 
thctical retinal image of the standard if it were seen at the distance 
chosen for the variable We must project S to the distance obtained 
with E and derive the projection size or P. The equation point can 
tlicn range between the limits of the standard at fixed distance and 
the projection of that standard at the obtained distance. This re¬ 
lationship can be expressed in teims of direct percentage oi in more 
elaborate terms. The treatment of the data here presented is based 
on that of Brunswik (2), who gives its complete mathematical 
derivation* This “intention ratio” oi /-latio follows; 

log S — log E 

— -r-^-- scalc of constancy. 

log S — log p 

In short, the physical measurement minus the phenomenal measure¬ 
ment (tlic obtained) divided by the physical measurement minus the 
projection measurement (the theoretical) yields a measuie of size 
constancy ranging from zero to unity If the ratio is high, approach¬ 
ing unity, it indicates a high degree of size constancy; if the ratio is 
low It IS indicative of a low degree of size constancy. 

In Tabic 2 the data for the vaiioub ictinal images aic piesented, 
and in Tabic 3 the essential measuiemcnts foi the intention ratio and 
this I-ratio arc given The Tratio scoies langc from 6403 to 8972 
for all subjects. This indicates a faiily high degree of size constancy. 
The range for the adults is from ,6403 to 8815, the lange for the 
children is ,7941 to .8972, that for the monkeys is from 6897 to 
8656 In the present situation there are no group differences m the 
size constancy response Animal scores and human scoies overlap 
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TABLE 3 


Logarithmic Calculation and Rlsultinc /-ratio (intention-ratio) for ail 

SunjtCTj 


Subjects 

Log S - Log h 

Log S - Log P 

/-ralio 

Animals 

Hector 

19+89 

236-18 

8241 


Menelaiis 

26572 

30697 

8656 


Ulysses 

09228 

13379 

6897 

Children 

Ann 

KiOlS 

20168 

.79+1 


Lee 

16015 

20168 

7941 


Frank 

36+18 

+0590 

,8972 

Adults 

CS 

H679 

15808 

7388 


PE 

23191 

26309 

8815 


HA 

1303+ 

17158 

7596 


HS 

19966 

2+118 

8278 


JR 

07358 

U+92 

6+03 


Jll 

18+30 

2256+ 

8168 


considerably, and the scores ot the adults are essentmlly the same 
as those of the children. 

Since a previous study by Locke (10) on color constancy icvcaled 
a very clear distinction between animal and human adult scoics, a 
further discussion of the results is necessary In addition, picvious 
findings of other investigators (1, 12, 13) indicate diffeienccs m 
scores with age differences, an observation winch is not coi roborated 
lierc. 

In the above mentioned study on color constancy it was felt that 
the difterences in group scoics between human beings and monkeys 
were related to the attitude differences which «^re known to dcteimine 
the scores of human beings. Many investigators rcpoit that a dis¬ 
tribution of coloi constancy scores is bimodal, indicating different 
perceptual attitudes Holaday (6) found that sucii differentiating 
attitudes could be induced in a size constancy situation. One should 
expect somewhat the same icsults in si/c as in color constancy not 
only differences between animal and human scoics but also attitudi 
nal diffcienccs in the liiimnn subjects, 

Further, Beyrl (1) found that age of children and size constancy 
score are related, and Klimpfinger (8) indicated a bimodal distribu¬ 
tion in size constancy similni to that iii color constancy Again such 
relationships aie not found by the present autlior 

There arc a number of alternate explanations for these diffciences* 
there is a possibility that size constancy and coloi constancy aie two 
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different fimctinns, constancy of size may be a simpler function than 
that of color, and a third alternative is that the results obtained 
with the present method of derivation arc too limited in scope. In 
view of the existing body of experimental evidence there is no reason 
to postulate separate functions for perceptual constancy That sizes 
involve a simpler group of attributes than colors do is readily ad¬ 
missible, nevertheless the experiments quoted above seem to indicate 
that the perceptual functions of both are close A fiuitful and simple 
explanation is that the present experiment mvoled too simple a 
situation. 

One point of techniciue can be noted the immediate visual field 
wns at the eye-level of the subjects, Katona (7) reports that eye- 
Icvcl judgments of a field result m lower scores than those obtained 
with any other method of regarding that field In addition, the 
visual field was a relatively uncomplicated one consisting of table, 
partition, and stimulus squares all limited on thiee sides by the white 
clotli. This may have been enough to preclude the possibility of 
group differences The suggestion, then, is that if the field were 
more complex such differences could make themselves seen. 

Summary and Conclusions 

1. A similar stimulus situation was presented to three Rhesus 
monkeys, three cluldren, and six human adults, and the size con¬ 
stancy responses of each were determined, 

2. All groups revealed size constancy to a fairly large extent. 

3. There was no differentiation between the intentlon-ratio 
scores of animals, children, and adults. 

4. It was suggested that the experimental situation may have been 
too simple to permit such group differences as may exist to show 
themselves. 
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NOTES ON SYMBOLIC BEHAVIOR IN A CEBUS 
MONKEY (Capucinus appella)^^ 

The Animal Lnhoratoiy, Depariincni of Psychologyt Columbia Vuiversiiy 


C R Carpenter ani> N. ]\I Locke 


Beliavior winch involves the icsponscs of animals to “symbols," 
“jcfinced cues," »Tnd otliet “abstiact qualities," presents oppoituni- 
ties for the experimental analysis of principles and hypotheses whicli 
arc of Rieat importance to psychology Among the piiiiciples involved 
by such bchavioi and winch might be investigated aic HoIIingvvoith^ 
principle of redlntegiation (1, 2), Korzvhski*s concepts of levels of 
abstiaction (6), the concepts of “lelata” and abstiactions as foiniu- 
lated and demonstiated by Kluvei (3), and Pavloviaii principles of 
conditioned responses (7) The available methods and procedures 
gcncially employed in comparative psychology have not always been 
entirely adequate foi the investigation of these functions of absti ac¬ 
tion and association Fuitlieimore, animals ciistoniaiily employed in 
psychological laboi atones have not shown evidences of the moic 
mtiicate processes of absti action or “symbolism" The obscivational 
and experimental notes herewith reported ielate most closely to such 
experimental woik as that of Kohts (4, 5), Kluvcr (3), and 
Wolfe (9) It was because of close aujuaintaiicc with the work of 
Wolfe while it was in progress that tlie trading behavior of the sub¬ 
ject of oui experiments was obscived and evaluated 

The pioblcin with which wc have been concerned is that of 
detci mining one phase of the capacity of a capudiin monkey to estab¬ 
lish associations or "conditioned lespomcs" to diftciently colored 
pokci chips, and to determine the ability of the monkey to use these 
cliips as a means of getting specific kinds of food Wc were equally 


•Accepted for publication bv C J Warden of tlie Editorial Board, and 
received m the Editorial Office on February 18, 1937, 

Experimentation was conducted at Bard College and in the Annual 
Laboiatory, Depnrimcnt of Psychology at Columl>i,i Uni\crsity The au¬ 
thors are deeply appreciatwe of the encouragement, suggestions, and 
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mterested m demonstrating the possibilities of using the trading tech¬ 
nique witli inoiikeys in experimental work upon problems involving 
motivitation, food preferences^ discrimination, choice behavior, learn¬ 
ing, and anticipatoiy and delayed reactions 

The monkey, ‘"Trader,” was a male Gapucinns appelldj a Cebus 
monkey sometimes called ‘Ving tail,’* more specifically known as a 
weeper capuchin Pie was first observed in July, 1934, at the San 
Diego Zoological Garden At that time he was ntti acting consid¬ 
erable attention in the Garden by his generalized habit of giving 
any kind of small object to visitors in exchange for food The 
experimental possibilities of this animal were recognized, and he was 
purchased. By using this animal wc hoped to leain to what extent 
his trading behavior could be employed to investigate the behavioral 
capacities of New World monkeys, As it was on the basis of this 
kind of lesponsc that Kohts and Wolfe conducted their experiments 
on chimpanzees, we sought data which would be comparable for 
monkey and chimpanzee* 

We have no definite information as to how the trading habit was 
first established It was assumed by the Garden authorities that 
Trader was taught this linbit by his former owner. The owner 
gave the animal to the Garden because he became a dangeious pet. 

Prorlrm 

The specific problem was to ascertain whether Trader could dif¬ 
ferentiate between poker chips of different colois, and form associa¬ 
tions between these chips and particular kinds of food 

Basic Behavior Mechanism 

The generalized trading habit and behavioi of the animal can 
best be described in a definite situation. The experimenter would 
hold out his hand to the monkey as a cue for trading, at times 
reinforcing this stimulus by words such as “Give me something, 
Trader” or by gestures. The ammal would respond by collecting 
and offering to the experimenter almost any small object which he 
could handle. Small sticks, handfuls of sawdust, trash, straw, 
pieces of paper, the food containers, and any other available object 
would be proffered. If the object were refused, something else 
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would be collected and prcbented* Ficquently, after having given 
an object Tradei would hold out his hand foi tlie anticipated 
lewaid, If tlie object which the moiikev offered was taken but 
no reward given the monkey would seek other things and add them 
to that already given, (This seems to be a type of reinforcement,) 
After a numbei of responses in which the animal had given objects 
to the cxpeiimenter but had not been rewardedj the trading response 
would be tcmpoiarily extiiiguislied The iespouse would le-appear 
spontaneously after a slioit delay oi if conditions were changed 
Sometimes temper tantrums would icsult aftci unrcwaidcd re¬ 
sponses. 

Procedurf No I 

The following expeiimcntal situation was arranged Thicc con¬ 
tainers were placed in tlnee coiners of a loom which was 10 feet 
square. Twenty-five oi 30 poker chips of one coloi weic put into 
each of these containers The chips were red» white, and blue in 
color and of the same The chips weie grouped' as to color in 

the containers, and the lattei were systematically rotated from one 
corner to another in ordei to prevent the formation of position 
habits Tlie experimenter sat in the center of the room facing the 
corner of the lOom which had no chips, and controlled the rcwaids 
Every precaution was taken to avoid giving the animal directional 
cues other tliaii asking him for something and thus motivating him 
to respond Tiader was jelcased m the room and allowed fiee 
range He would come to the table and sit until told to "get some¬ 
thing,^' or he would explore various parts of the room, When 
properly motivated, he would go to one of the containers and get 
one or moie chips and bring them to the table and give them to the 
experimenter. In exchange, he was given a food reward, If a led 
chip or cliips were brought he was given about one-twenty fourth 
of an orange, if a blue chip was biought lie was given a shelled 
peanut; and if a white chip was brought he was given about one- 
thirtieth of a banana. 

Motivation was contioiled by withholding food from the animal 
for 24 hours before experimentation Usually he was hungry and 
worked well, but there were exceptional days The number of 
trials given each day depended upon the speed and directness with 
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winch the anim.U worked When he begiin to slow up or to explore 
the room generally rather than woik m the experiment, the woik for 
the day was stopped. 

QnalUatwe Remits The geneializcd trading responses soon 
became specific, and poker chips alone instead of objects in general 
were given by Trader in exchange for food He usually woiketl 
very rapidlv He would jump to the floor from the experimental 
table, rush to a chip deposit^ pick up one or more chips and lush 
back to give tliem to the experimenter in exchange foi food. He 
was given food rewaids which coiresponded to the picdeteimmcd 
association of a food with a color Charactei istically thcie would be 
a series of responses duimg which the same color of chip was given, 
and this seemed to indicate a temporalv preference foi the food 
which was received in exchange. Foi example, Tiader would give 
blue chips on certain days for 15 or 20 times in succession and appai- 
ently until he became satiated with peanuts, then he would shift 
and give the symbols which coricsponded to oranges or bananas 
Since shifts occurred during expeimiental penods, and fiom day to 
day, different preferences wcie shown It can be seen that these 
preference series cannot easily be demonstrated statistically with the 
data wliich wc have available, 

Certam scoring possibilities as refinements of our work are worth 
noting. (1). Speed of response might be measured. (2). The num¬ 
ber of chips given in response to the amount and kind of food could 
be recorded (3). The amount of work done for a particular kind 
of chip could be mcasuied (Wolfe, 9) (4) The number of possi¬ 

ble exchanges of difteient si^mbols before the consummatory ex¬ 
change for tlic tiue incentive could be asccruinccl In further work 
wc expect to test such measurement possibilities 

At times Trader would obviously make errors’ he would bring 
a particular color of chip, present it, and without waiting for the 
reward, dash back foi another chip of the same color At other 
times he would bring a chip, take the food reward but immediately 
throw It down and behave iT* he had anticipated another kind 
of food (Tinklepaugh, 8) Sometimes he would piesent the same 
kind of chip repeatedly but again he would shift to another kind 
of ^'symbol When strongly motivated, Trader would bring for 
exclianga, two, three or four chips and do this in spite of the fact 
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that only one chip wus required for tlic reward Tins non-parsi- 
monious behavior would occasionallv persist foi a hcncs of i espouses 
01 tiials 

TABLE 1 
Procedurf No 1 


Number of exchanges, per cent offer of chips, and number of times food uas 
accepted or refused hv the monkey 

Orange Penmit Banana 


Day 

N 

% 

Acc 

Ref 

% 

Acc 

Ref 

% 

Acc 

Ref 

1 

22 

0 

0 

0 

45 

10 

0 

55 

10 

2 

2 

49 

24 

12 

0 

33 

16 

0 

43 

17 

4 

3 

45 

24 

9 

2 

29 

13 

0 

47 

21 

0 

\- 

33 

37 

11 

1 

24 

3 

0 

39 

11 

2 

5 

23 

35 

8 

0 

13 

3 

0 

52 

12 

0 

6 

64 

33 

11 

10 

31 

20 

0 

36 

18 

5 

7 

18 

46 

8 

u 

54 

26 

0 

0 

0 

0 

3 

43 

30 

5 

8 

70 

30 

0 

0 

0 

0 

9 

45 

31 

11 

3 

27 

12 

0 

42 

10 

9 

10 

43 

23 

7 

3 

30 

13 

0 

47 

17 

3 

11 

39 

21 

4 

4 

38 

15 

0 

41 

10 

6 

12 

41 

33 

2 

11 

30 

11 

2 

37 

12 

3 

13 

49 

22 

0 

11 

31 

15 

0 

47 

20 

3 

14 

32 

50 

7 

9 

16 

5 

0 

34 

11 

0 

15 

16 

13 

2 

0 

6 

1 

0 

81 

13 

0 

16 

6 

0 

0 

0 

50 

3 

0 

50 

3 

0 

17 

25 

12 

3 

0 

24 

6 

0 

64 

16 

0 

18 

IS 

20 

3 

0 

33 

5 

0 

47 

7 

0 

19 

11 

27 

3 

0 

13 

2 

0 

55 

6 

0 


649 


106 + 76 


214 + 2 


214 + 37 


Totals 

132 


216 


251 


Quaiiiliatwe Results Tabic 1 gives the resulting responses clui^ 
ing 6+9 tiiaU with Procedure No 1 The number of timls cauicd 
out duiing a single d.av langcd from 6 to 64 In this free choice 
situation, Trader gnve a white chip 251 times and received a icwnrd 
of banana, gave a blue chip 216 times and a icd chip 132 times for 
lewards of peanut and oiange In IS of the 19 sessions the per¬ 
centage of choice was highest for the white chip which was ex¬ 
changed for the banana On 12 days the second highest pci cent 
was the exchange foi a piece of peanut, and on 6 of the remaining 
days the second choice was the orange Orange as a reward was 
refused 76 times, the peanut lewaid was icfiised 2 times, and the 
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banana reward was refused 37 times. The indication is that the 
descending order of food preference is banana, peanut, and orange. 
It would seem peimissible to assume that the anticipation of a par¬ 
ticular food reward was a determining factor in selecting the cor¬ 
responding ^‘symbol ” 

Procedure No 2 

Tins and the following scries were carried out about one yeai 
after the first senes, Por this woik, Tiader was placed in an experi¬ 
mental cage equipped with a shutter. Small loiilctte chips weie 
used as stimulus objects. Tlicie were twcnty-foui chips, 8 red, 
8 blue, and 8 white, placed haphazaidly on the floor of the experi¬ 
mental cage with the inonLcy' The chips were renewed at every 
thiid or fourth exchange Approximately equal amounts of food 
consisting of oranges, peanuts, and bananas were used as units of 
incentive, and tlie same associations were made as m the previous 
experimental work, namely, red for orange, white for banana, and 
blue for peanut. 

After a preliminary period of general tiading for the purposes of 
adaptation, the following specific procedure was employed. When 
the shutter was raised, Trader would piesent a chip to the experi¬ 
menter and in excliange he was given a corresponding unit of food 
The shutter would then be lowered Tor the most part during the 
experiment. Trader would ofifci only one chip but sometimes he 
would offer two or more When moie than one chip was offered, 
if tlicy were of the same color they were accepted and the exchange 
of food WAS made; if they were of different colors they were 
thrown back into the cage and no rcwaid was given. 

Qnalitaiwe Res^ilis, When the shutter was raised. Trader would 
pick up a chip and offer it to the experimcntci At times he would 
begin to icach for a chip, hesitate m a manner cliaiacteiistic of choice 
reactions in animals, and then either pick up that chip or reacii for 
a different one He would then turn and give tlie chip to the 
experimenter Trader would frequently go to the opposite side 
of the cage and get a chip, although there weie several chips of 
the kind selected lying near the shuttei. This may be a cany over 
from the former experimental situation. Occasionally he would 
hold ft chip in his hand in the period between exchanges, but he 
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would not nccessaiily oftcr that chip when the shutter was laised. 
He would cither give the chip to the expcrimcntci or he would drop 
It and reach for another one or he would hold it in one hand and 
present a chip with the other; hand If a chip was put into the hand 
of the cYperlmentcr and it was accidentally dropped, he would get 
anotliei, usually of the same color, and replace the one dropped by 
the expcrimcntci. Occasionally the expenmenter would be slow in 
withdrawing his hand fiom the cage aftei the chip had been pre¬ 
sented, and under these conditions, Tradci would often select 
another cliip of the same color and add it to the one alieadv given 
May we again assume that such action indicated a tendency to 
reinforce tlie picvious behavior in order that a particular result 
might be achieved^ 

Tiader would not always cat the food after an exchange had 
been made and sometimes he would not even take it from tiic hand 
of the expciimenlci Inficquently he would lepeat on chips although 
he would lefuse the corresponding food This fact and that of the 
trading activity which could be produced when the animal was not 
hungry indicate that trading per se in relation to the facilitation 
by the experimenter had a reward value separate fiom the food 
It might be compared to a kind of play behavior which derives its 
reward fiom the intrinsic activity or from social exchanges 

Quantitatwe Results Table 2 gives the results obtained during 

TABLE 2 
Procedure No 2 


Number of exchanges, per cent offer of chips, nnd number of tinnes food 
^vas accepted Only orange icfuscd 

Orange Peanut Bnnnnn 


Day 

N 

% 

Acc 

Ref 

% 

Acc 

% 

Acc 

1 

92 

37 

24 

10 

34 

31 

29 

27 

2 

53 

24 

10 

3 

38 

20 

38 

20 

3 

107 

31 

25 

8 

37 

40 

32 

34 

4 

111 

36 

41 

0 

32 

35 

32 

35 

5 

150 

38 

57 

0 

44 

66 

18 

27 

6 

75 

37 

28 

0 

39 

29 

24 

18 

7 

8S 

42 

37 

0 

27 

24 

31 

27 

8 

130 

38 

49 

0 

36 

47 

26 

34 

9 

101 

30 

29 

1 

35 

35 

36 

36 


907 


300 

22 


327 


258 
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907 exch?ingcs of chips, foi food The numbei of exchanges ranged 
from 53 to 150 indicating moie strictly controlled conditions and 
a lugliei dcgiee of motivation than that m the pjevious series There 
were no refusals of the peanut icward nor of the banana reward, 
but the oiange incentive was refused 22 times The responses, how- 
evej, do not picscnt a cleat picture of food preferences Trader pre¬ 
sented the led chip foi oiangc 322 times, he piescnted the blue 
chip for peanuts 327 times, and he made 258 piesentatlons of the 
white chip foi banana Fiom the point of view of refusals, peanuts 
and bananas were preferred, wheicas from the point of view of the 
frequency of response, bananas wcie tiaded foi least often It may 
be stated th«it bananas were included in the daily feeding schedule 
of the ammal These icsults do not entirely confirm the food p\cf- 
erences shown tlie pjevious year but shifts in food pieference aie to 
be expected, especially with changes in tlie basic diet of the animal 

Tradci would occasionally oifci a un” of chips, i.e, fiv^e or 
more exchanges of one type of chip loi a particulai kind of fond. 
Coefficients of mean squaie contingency weie computed for all 
exchanges duiing tins experimental period. Since the number of 
classes is limited to 3^ this coefficient cannot exceed 816 The co¬ 
efficients obtained for nine days were 18, 47, ,18, 13, 17, 28, ,25, 
.09, and .24 These coefficients indicate a slight tendency for the 
monkey to offer a chip of the same color as that last given This 
slight pciscveiative tendency may be a function of the size of the 
reward. 

Procedure No. 3 

In oidei to dibcovei to wimt extent chips were functioning as 
“symbols,^’ a chip with a very different lewaid value was intio- 
duced into the cxpeiimcmal sciies. A gicen chip was added with 
bread as the associated rcvvaid. Bread was chosen because it was 
observed that this food was not eaten when given as a part of tlie 
monkeybasic diet Twenty-four chips were used as m Procedure 
No. 2, but the number of chips of each color was reduced to 6 
instead of 8, the chips were red, blue, white, and green. Prior to 
the first consecutive scries of experiments no food was given the 
animal for 36 hours Table 3 gives the results of 150 exchanges 
grouped in units of 10 exchanges each In the beginning, Trader 
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lABLE 3 
PROCLDURC No 3 


Number of cxchnnges when bread chip was added Animal 36 hours 
hiingiy Results given in units of 10 



Orange Peanut Banana Bread 

Bread Refused 

1 

3 4 

1 

2 

0 

2 

3 5 

0 

2 

0 

3 

3 2 

2 

3 

0 

4 

0 2 

4 

4 

0 

5 

3 2 

3 

2 

0 

6 

2 2 

4 

2 

0 

7 

2 2 

3 

3 

0 

3 

4 2 

2 

2 

2 

9 

2 5 

2 

1 

1 

10 

2 3 

2 

3 

1 

11 

5 4 

0 

1 

1 

12 

2 2 

2 

4 

0 

13 

3 4 

2 

1 

0 

14 

2 3 

3 

2 

1 

15 

1 6 

0 

3 

3 

fite the biead given him in 

exchange 

for the gi een 

chip, possibly 

because of a 

high degree of hunger 

He then refused tlie bread 

after a few exchanges, then started 

eating it again, and finally 

refused it a second time^ On the following day this piocedurc was 

repeated aftc 

1 two horns of 

abstiiiaiice 

fiom food 

Table 4 gives 

the results of 120 furthci exchanges 

In this sciics 

Tradei never 



TABLE 4 




pROClDURE No 

3 


Second sciics 

with bread chip 

Animal 2 hours hungry 

No bread eaten 


Results given in units of 10* 



Orange 

Peanut 

Banana 

Bi cad 

1 

3 

3 

2 

2 

2 

3 

5 

2 

0 

3 

2 

5 

2 

1 

4 

2 

2 

2 

4 

5 

2 

3 

S 

0 

6 

5 

2 

1 

2 

7 

6 

2 

1 

I 

8 

0 

3 

4 

3 

9 

0 

5 

3 

2 

10 

2 

3 

2 

3 

11 

4 

1 

2 

3 

12 

2 

5 

1 

2 
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ate the bread He would either not touch it at all or would take 
It from the experimenter and throw it on the flooi. In both in¬ 
stances the animal continued to offer the green chip until the end 
of the experimentation In terms of frequency of response^ the 
bread was chosen third on the first day and fourth on the second 
day 

The following question arose If chips serve as “symbols*^ tor 
various foods and one of the foods is definitely not preferred, why 
should the monkey continue to offer the "symbol”? It was thought 
possible tliat the act of tiading per se might be sufficient motivation 
for the animal to continue exchanging the green chip even though 
bread had a low incentive value In consequence of tins considei* 
ation, the following procedure was introduced, 

Procedure No. 4 

Again there were 6 chips each of red, blue, and white and to 
these were added 6 yellow chips If Tiader offered a yellow chip 
it was thrown back into the cage, the shutter lowered, and no food 
given. Table 5 gives the results of 120 exchanges following the 

TABLE 5 
PROCLDURC No + 

NiiinLei of exchanges when no-reward chip was added, Numbers in 
pamithesea indicate frequency of return of snme chip 
Results kept in units of 10 



Orange 

Peanut 

Banana 

No-rewnrd 

1 

2 

2 

2 

4 (1) 

z 

2 

3 


2 

3 

2 

2 

2 

4 (t) 

4 

2 

0 

2 

6 (4) 

S 

2 

1 

\ 

6 (3) 

6 

6 

2 

2 

0 

1 

4 

3 

1 

2 

8 

7 

1 

1 

1 

9 

4 

2 

2 

2 (1) 

10 

C 

4 

0 

0 

n 

5 

4 

t 

0 

12 

3 

4 

1 

2 


overnight period of food deprivation. The yellow chip was offered 
29 times hut tn 10 of these exchanges ti was the same chip that had 
pist been returned! The decrease in the frequency of the presenta- 
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tioiis of this chip as the experimental series continued is clearly 
evident. The repeated giving of the same "no value” chip might 
be interpreted as a kind of hypothesis which had to be broken down 
A second inteipietation is that this might have been a “persisting 
non-adjustive reaction,” If a criterion of learning of 27 out of 30 
exchanges be employed^ then legarding the trading from the 50th 
exchange until the end of the senes, it may be said definitely that 
there was an effect which prevented tlic non-reinforced or non- 
rewarded “symbol” fioin being used in the exchanges. During the 
last 70 responses, the yellow chip was ofTcied only 7 times or on 
the average of 1 time out of 10. Further cxpeiimentation is neccs- 
saiy before definite conclusions can be drawn 

When possible, it is planned to continue these experiments along 
similar lines with a small group of capuchin monkeys. It is hoped 
that the present preliminary report will be of interest and of value 
in stimulating cxjjeiimentation along the many suggested lines 

Summary 

It has been demonstrated that trading or exchange responses 
resembling those repoited in chimpanzees by Kohts (4, 5) and 
Wolfe (9) have been shown to he within the behavioral capacities, 
of a Cebus monkey. Beginning with a generalized trading response 
in winch any object was exchanged for food, differentiation occurred 
until a specific object was tiaded for food The evidence indicated 
that after a large numbci of trials, an association may be established 
between a particular “symbol” and a given kind of food. The evi¬ 
dence IS not conclusive on this point. 

Seemingly a large component of the motivation of this behavior 
resulted fiom the residue of the original non-discriminating trading 
habit, from tlie incentives offered by gestures and voice of the 
experimenter, and exploratoiy responses with reference to unfamiliar 
objects I'lowever, it can be noted tliat when a disliked food was 
included, the peicentage of the iei»ponses to the corresponding chip, 
altliough not zeio, was lowest of all the other cliips, Likewise, when 
no reward followed the presentation of a chip, tlieic was a ten¬ 
dency for responses to that chip to become extinguished 

Furtliei experimentation is planned along the lines of this pre¬ 
liminary report 
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THE GENERALIZATION OF CONDITIONED RE¬ 
SPONSES: II THE SENSORY GENERALIZATION 
OF CONDITIONED RESPONSES WITH VARY¬ 
ING INTENSITIES OF TONE-^ 


Dcpni tmeut of Psyclioloffyj Instilute of fluinaii Relaftojis, Yale UtuversHy^ 


Carl Ivpr Hovland 


iNTRODUCnON 

III a picvious study of the wntei (11) the gradient of gencraliiJii- 
tion witli vaiving jicquenctes of tone was experimentally deteumiicd 
The intcicsting question aiiscs as to wlicther a similai giadicnt 
of genciaiization is obtained when othei aspects of the conditioned 
stimulus are vaiicd A genciaiization of inteusuy is constantly as¬ 
sumed Ill psychological theory hut expciinicntal evidence concern¬ 
ing It has nevei been obtained Bcchtcrcv (4) states that • it 
was levealcd, duiing tlic inculcation of association icflexes, that the 
central excitation produced by the stimulation very quickl}" extends 
to all stimulations of the given oigan and to all dee/tces of uifetisily^ 
of those stimulations” (p 216)* That generalization of this sort 
exists IS suggested by numeious experiments on intensity disci imina- 
tion by the use of conditioned-response techniques, particulaily witli 
lower animals. IIcic the discrimination of intensity docs not appeal 
diamatlcally on the fiist trial, but differentiation is established only 
after a long and laboiious tiaming process [cf Razian (21) and 
Razian and Waidcn (22) foi a review of these reseaiches] 

While Pavlov (20) docs not discuss the qeimahzaixon of inten¬ 
sity, he docs icpoit the leni.Tikable ihffef eaiiatton of intensity whicli 
can be obtained, He quotes an expeiiment of Tihomoiov (20, A) . 

It was found that an> definite degree of intensity of a sound 
could easily be made mCo a stable conditioned stimulus and 

^Received in the Editorial Oflice on March 9, 1937 

Tins study was conducted m the research unit of Professor Clark L Hull, 
to whom the writer is grateful for advice and criticifm 
This la the second of a senes of studies presented aa a dissertation to 
the faculty of the Graduate School of Yale UnKcrsity m partial fulfillment 
of the requirements for the degree of Doctor of Philosophy in psychology, 
1936 (Sec 11. 12, 13 ) 

“Italics the present writer’s 


279 



280 


JOURNAL OF GENLTIC PSYCHOLOGY 


could be dif!ereii(intcd from slightly higher or slightly lower 
Intensities of the same sound , Thus it was found that an 
intensity very closely approaching the one employed as a posi¬ 
tive cotiduloued stimulus could be differentiated by the dog with 
nu absolute ptectsmt even nvhen a pause of 17 hours vjas made 
between the two shmnlu^ The etpeiimentcr found himself able 
to detect a difference between these two intensities of the sound 
onl}' when they succeeded each other imiriedintely (p 135) 

The possibility of cues or other artifacts WRs considered improbable 
by Pavlov, although he states' 

Unfoitunalciv these experiments were conducted in oui old 
laborntory where the effect of the inhibitory stimulus was 
easily disturbed, And it must be left to the future to repeat 
these experiments under more perfect conditions in oui new 
laboratory (pi 135) 

The investigation of gcneialization of mtefinty is particularly 
interesting from a theoretical point of view Pavlov developed his 
tlieory of irradiation to explain spatial irradiation, Accoiding to 
this formulation, generalization results from a spread of excitation 
over the cerebral cortex; 

The different sensory places on the skin must be regarded 
as projecting themselves upon corresponding areas in the cor¬ 
tex of the heinisphere (p 154) “It mav be assumed that 
each element of the receptor apparatus gams representation 
in the cortex of the hemispheres through its own proper cential 
neurone, and the peripheral grouping of the receptor organs 
mny be regarded as projecting itself an a definite grouping of 
nervous elements in the cortex A nervous impulse reaching 
the cortex from a definite point of the peripheral receptor 
does not give rise to an excitation which is limited within the 
correspond mg cortical element, but the excitation irradiates 
fiom Its point of origin over the cortex, dimlniahing in in¬ 
tensity the further it spreads from the center of excitation 
Just as the initial point of cortical excitation becomes connected 
with the centre of the unconditioned reflex, so also do the 
secondary points of cortical excitation, and this leads to the 
formation of many accessory reflexes These reflexea decrease 
progressively m strength with increasing distance of the sec¬ 
ondarily excited areas from the point of primary cortical excita- 


^Itahcs the present writer*: 
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tion, since the magnitude of the conditioned reflex is rigidly 
determined by the intensity of excitation** (p* 186). 

Generalization of this type, while improbable, and “like no 
phenomena yet observed in nervous tissue by the physiologists^' 
(Guthrie, 9), might occur with spatial generalization of the type 
investigated by Bass and Hull (3) Neurological evidence docs 
demonstrate a spatial localization upon the cortex of various areas 
of the body The theory might even be applied to generalization 
of tonal frequency, previously studied by the wntei (11), although 
here the evidence is still questionable [Cf Davis, '*No (cortical) 
localization of icsponsc with respect to the pitch of a puie tone has 
been detected" (7, p 982)]. With intensity gcneiahzation, how¬ 
ever, a theory based upon inadiation over the ceiebral cortex is 
obviously inadequate. The significant variables here are not spatial, 
but are those described by Nafc (19): 

Thus an increase m the intensity of stimiilatjon will be fol¬ 
lowed by an incieasc m frequency of diaciiarge in each liber, 
an increase in the odnptntion time for each fiber, nn increase m 
the numbei of active end-organs per unit of area, an increase 
in the urea affected and consequently in the number of end- 
organs activated, an increase in the abruptness of discharge, 
and an increase in the tendency of the individual fibres to dis¬ 
charge together (p 1040) 

Lucas (18) long ago cleaily demonstrated that altering the 
intensity of the stimulus alters the number of active fibres, Tlie 
frequency aspect is especially stressed by Adrian (1, 2). 

Provided that there is nothing to distract our attention 
the intensity of the sensation at any moment turns out to he 
proportional to the frequency of the impulses in the sensory 
nerve fiber (2, p 114) 

Investigation of gcneialization with variations m the intensity 
of the stimulus thus affords an excellent way of testing the geiicial 
validity of the phenomenon of generalization, in a situation where 
the Pavlovian explanation in terms of a cortical “spiead" of some 
neural process is untenable 

Apparatus 

The apparatus used has been previously described (11). The 
galvanic skin reaction (Taichanoft method) was used as the index 
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of conditioning. The unconditioned stimulus was an electric shock. 
Sound stimuli, produced by the Gcneial Radio beat-frequency oscil¬ 
lator, were employed as conditioned and accessoiy stimuli The 
tones were received thiougli earphones. The subjects were seated 
in an adjoining sound-proof room. 

The time relations wcic maintained the same as in the previous 
experiment The conditioned stimulus was picscnted for 400 milli¬ 
seconds After a pau«e of 95 milliseconds, the shock stimulus, last¬ 
ing 75 milliseconds, was given The lemforcements and test stimuli 
were presented at approximately onc-minute intervals, varied sj^s- 
teinaticallv ten seconds in either direction to pi event tempoial 
conditioning. 


Procedure 

The investigation of intensity generalization is rendered extremely 
diiUcuU by the fact that mtcnsitv itself has a maikcd influence on 
the magnitude of response, This has been shown for conditioned 
salivaiy responses by Kupalov, Lyman and Lukov (16) and by the 
writer (14) foi conditioned galvanic skin response The technique 
which seemed to counteract this difficulty most satisfactorily was 
to select test stnnuh spaced on a scale of intensity by equal numbers 
of just noticeable tliflerences. One gioup of subjects could then 
be conditioned to the strongest intensity and an equated group to 
the weakest intensity of stimulus The generalization gradient for 
the first group would have supeiimposed upon it a decreasing 
gradient of lesponse to the moie distant tones determined by the 
decreased intensity of stimulation per se. With the second group 
tlie glad lent of i espouse to intensity itself would opciate in the 
icversc direction. Pooling of the responses to the conditioned 
stimuli, both weakest and strongest, and of the responses to the 
accessoiy stimuli enables one to determine the gradient of 
genet ahxahon with the intensity effect pet held constant, Sound 
stimuli weic used because of the precision of control which they 
permit. The cxcicme of intensity, either at the weak or at the strong 
end of the scale, paiied with the unconditioned stimulus is labeled 
stimulus 0, The thice other intensities, 50 ; // d ’s apait, whicli weic 
not presented during reinforcement, are designated as stimuli L 
and 3, lespectvvely, in orde; of decreasing proximity to the condi¬ 
tioned intensity, 
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Had the loudness scale (Chiirchcr 6, Stevens 24) been available 
at the time, it would undoubtedly have been more satisfactory to 
have used it The gcneialization gradient obtained in the experi¬ 
ment would not have been greatly affected, however, since the coun¬ 
terbalanced groups made the distances equal determined fiom either 
extieme of intensity 

Fletcher (8) has pioviclecl piecise data on the number of just per¬ 
ceptible diffeiences in intensity of tones at various ficquencics, and 
so his results weic utilized^ The frequency of the tone employed 
In the picsent expeiiment was 1000 cycles* At this frequency there 
aie, according to Fletchei, 374 just peiceptihlc diftcienccs in intensity 
between the thieshold of audition and that of feeling Tlie intensi¬ 
ties chosen foi this experiment were taken <it mtcivals of 50 just 
noticeable diffeiences* The weakest tone was 40 decibels above 
thieshold, the othei intensities being 60, 74, and 86 decibels above 
ihiesliold, respectively The vaiious intensities were obtained by 
the use of the accessory attenuation box. 

Thirty-two undergraduate students, paid by the hour, were em¬ 
ployed They were unfamiliai with the process of conditioning 
Foul subjects were rejected because of unsatisfactory galvanic re¬ 
sponses bcfoic the final gioup was selected. 

A comparison of the responses to two piesentations of the shock 
before conditioning shows that the two groups did not differ sig¬ 
nificantly The first gioup had an average magnitude of response 
of 41 7 mm of galvanic deflection, while the second averaged 40.3. 
The entiic piogram of the experiment comprised three steps, of which 
tlie above contiol was the first 

I Test respoii’fc to sJiock twice 

II Give 16 p.Tired presentationg of shock and intcnaity 0 
III Test response to intensities 0^ /, 2, and 3 three tunes each 
(Cycles I, II, and III in Tables 1 and 2) 

The test iespouses were taken in a pieanangcd pcnnutational oidcr 
to counterbalance extinctive effects and other variable factors. 

Results and Discussion 

The icsults presented in Table 1 shoyv the magnitudes of response 
to the conditioned stimulus and to the adjacent intensities during 
the three cycles of testing. Each cycle includes one test with each 
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of the four intensities. For convenience in discussion, the detailed 
records of Table 1 are summarized in Table 2 

TABLE 2 
SnvivtARV Taiue 

Magnitudes of galvanic response (in mm ) during successive cycles of the 
testing program to conditioned intensity {0) and adjacent intensities of tone, 
50 {1), 100 (2), and 150 (J) jwd’a removed 
16 subjects in each group. 



0 

Tonal stimuli 

1 2 

3 


Grouup Lonclitionerl rn 86 db 

intensitv 


Cycle I 

16,03 

14 66 

11 87 

10 47 

Cycle II 

18 16 

13 36 

10 67 

8 20 

Cycle ni 

17,87 

12 10 

10 28 

8 04 


Group 

conditioned to 40 db 

Intensity 


Cycle I 

11,32 

112+ 

15 06 

1691 

Cycle II 

11 62 

13 73 

15 12 

17,35 

Cycle III 

10 96 

10 97 

12 71 

12 99 



Combined groups* 



Cycle I 

13 67 

14 45 

13 46 

13 69 

Cycle II 

1+89 

13 54 

12 89 

12.78 

Cycle III 

1+41 

11 53 

n,49 

10 51 

Mean 

14 31 

13 17 

12,62 

12 32 

PEm 

0 60 

0 57 

0,44 

065 


The mean responses for all of the subjects to the conditioned and 
adjacent intensities of sound for successive cycles of testing are shown 
graphically in Figure 1 In compaiison with the gradient which was 
pieviously obtained foi gcneialization of fiequencv (11), the type of 
gradient is much less steep for intensity, especially in view of the 
fact that the distances in / n,d's between the stimuli were laiger in 
the present study This outcome is perhaps to be expected in the 
light of such results as those of Upton (25) which demonstrated 
that continuous reinforcement of a given tone was accompanied by a 
high dcgiee of differentiation with lespect to frequency, hut *‘th,it a 
generalized conditioned response to all available intensities of the 
conditioned frequency had been established” (p +21) The marked 
generalization found with the galvanic skin response has recently 
been commented upon by Campbell (5). 


*The data obtained from the two groups of subjects are pooled to eliminate 
the effect of intensity per se. This procedure is justidabie in the present 
case hecmise the relationship between intensity and magnitude of response 
is essentially linear (Sec 1+ and below ) 
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TEST STIMULI 

FIGURE 1 

GENERx\[ IZATION OF CONDITIONED EXCITATORY TenDENCIPS WITH VaRYINO 
Intensities of Tone 

Responses to conditioned intensity of tone (^?) and to adjacent intensities 
of tone, SO {l]j 100 {2)^ and 150 (^) ; 7/’s leinoved, ilunng successive 
c>cics of testing 

It will he observed fioni the results shown m Figure 1 that the 
aveiage of the first responses to the conditioned intensity is smaller 
than the average of the responses to the novel intensities, but that 
with subsequent testing the iespouse to the conditioned intensity 
increases. The wiiter (10) has suggested an explanation for this 
phenomenon based on ‘^inhibition of reinfoicemeiit,** Continuous 
reinforcement results in an adaptation to the conditioned stimulus- 
uncondittoned stimulus combination. Pavlov (20) tersely states 
that an identical stimulus “applied at short intervals of time quickly 
fllnunishes in its cftcct” (p 248), This adaptation may he labeled 
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for tonvenience ^^inhibition of reinforcement,** since it displays the 
characteristics of other forms of ^'inhibition** described by Pavlov 
The omission of the unconditioned stimulus during testing, as well 
as the presentation of the novel stimuli, will produce 'Misinhibi- 
tion,** resulting in a larger response on the second test triah 

Quite inaiked in the present experiment, and much more pro¬ 
nounced in an accessory experiment on tactually conditioned re¬ 
sponses, IS the augmented size of the response to the intensity 
farthest removed from the conditioned stimulus on the first cycle 
of testing. Pavlov would call this phenomenon “induction,** No 
satisfactory explanation is available at picsent. The experiment of 
Robinson (23) on the similarity factor in retroactive inhibition is 
recalled, Heie he obtained a continuous decrease in efficiency 
of recall with decreasing similarity of original and interpolated 
material, but on the fiist cycle of testing m each phase of the study 
there was an upturn in the amount of recall when the material 
became completely dissimilar “Only m the first cycle do we find 
the inversion that is supposed to exist in the relationship between 
similarity and letroactiori** (p 306) ‘'Just how imfamiliarity with 
the mode of presentation should produce this inversion, which fur¬ 
ther practice obliterates, is not at all clear** (p. 308) ^ 

Another interesting phenomenon observed is tlie differential rate 
of extinction of the conditioned and “generalized*** responses The 
decline in the magnitude of the responses is vciy gradual. In the 
case of the subjects conditioned to the strong intensity of sound 
the average magnitude of response during the three cycles of testing 
even rises, presumably as a result of the opciation of “inhibition of 
reinf 01 cement** described above The generalized responses, on the 
other hand, appear to extinguish much more rapidly. It will be 
seen that the decrease in the size of the generalized responses is 


®The similarity in the manifestations of gcnernlization and retroactive 
inhibition in a wide variety of situations suggests the possibility of inte¬ 
grating these two diverse fields of study by theoretical systemati-iaLion, in 
much the same way that Leplcy (17) and Hull (15) ha\e bridged the 
gap between phenomena as seemingly unlike as trace conditioned reflexes 
and tote leatmng True integration of these two distinct aspects of learn¬ 
ing would demand that relationships observed between variables in the 
first system would be paralleled by similar i clationships in the second 
A large number of such paiallels are obtained. Discussion of this problem 
is reserved for a later article with Eleanor J. Gibson, who is working on 
related experimental problems at present 
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fairly regular, although there is no deal relationship between the 
degree of remoteness from the conditioned intensity and the rapidity 
of extinction. The slope of the gradient of generalization, deter¬ 
mined by dividing the response to intensity 0 and 7 by that to 2 and 
3y changes fiom 1 03 on the fiist cycle to 1 18 on the tliird Fuither 
study of this problem has been made in another paper of the present 
senes (12). 

One set of incidental results may be mentioned. If the magni¬ 
tude of response is plotted against the intensity of stimulus used, 
whether the stimulus was used in the conditioning process or was 
picscnted for the first time m the test series, the results given in 
Table 3 are obtained These icsults aic m agreement with the study 

TABLE 3 

Average Maoni’TOde of Gaivanic Rcspomse to Each of the Four Inten¬ 
sities OF SouNO Stimuli 

Decibels above threshold 40 60 74 86 

Response (in mm.) 10.10 11 97 13 82 16.52 


of the writer (14) on the iclationship between the intensity of the 
conditioned stimulus and the magnitude of the galvanic response, in 
showing a relatively linear relationship between intensity and re¬ 
sponse when the stimuli are separated by an equal number of just 
noticeable differences in intensity 

An adequate theoretical explanation of the generalization of in¬ 
tensity is difficult to make at piesent. It has already been pointed 
out that the theory of Pavlov, in terms of a cortical “spread,*' can¬ 
not cover this type of generalization How the factors of fre- 
qucncy of discharge, number of end-organs, activated adaptation- 
time, etc,, involved in intensity discrimination affect the extent and 
nature of geneialization we do not know. 

Guthrie (9) has recently advanced a quite diffeicnt theory to 
explain generalization: 

We have excellent reasons for believing that the condiUona 
determining these two phenomena are not the obscure and 
speculative brom changes suggested by Pavlov, and that they 
will be found to depend on certain conditions more open to 
observation. We may first remark that the substitute stimulus 
of the laboratory record is probably not the actual conditioner 
The actual stimuli ..are movement-produced stimuli attend- 
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ing on listening to the tone or on shifting position in response to 
touch The fact that cue and rcftcx can be separated by 
several minutes makes this even more probable 

If these movement-produced stimuli are the actual condi¬ 
tioners, the stimuli actually contiguous in time ^Y^th the re¬ 
sponse, the phenomenon of generalization or irradiation is very 
simply explained. Listening to a different tone may involve 
listening movements so much like those called out by the prac¬ 
ticed cue that these similar movements furnish the real condi¬ 
tioners of the action (pp 87-88). 

This tlicoiy has much to iccommeiid it. It is simple, based on 
stiaightfoiwaid physiological mechanisms, and applies as well to 
intensity vnnations as to frequency or spatial variations The 

thcoiy IS so phiascd, however, as to be most difficult to demonstrate 
or disprove 

Summary 

1. Generalization of intensity was studied with tonal stimuli 
Foul tones spaced at 50 j n dh in intensity were employed. To 
hold constant the effect of intensity per sej one group of subjects 
was conditioned to the weakest intensity, while an equated group 

was conditioned to the strongest intensity of tone, Pooling of the 

two gioups thus permitted the dcteimination of the generalization 
gradient Independently of the intensity effect per se* 

2 The conditioned response was the galvanic skin reaction 
measured by the method of Tarchanoff The tones used as condi¬ 
tioned stimuli were piesentecl for 400 milliseconds. The electric 
shock used as the unconditioned stimulus lasted 75 milliseconds 
The pause between conditioned and unconditioned stimuli was 95 
milliseconds. 

3 The gradient of generalization obtained shows the same 
general form as that for ficquency generalization but is less steep 
Almost complete gencialization with respect to intensity is indicated. 

4 The strength of the conditioned response increases initially 
during testing, presumably as a result of the disinhibitioii of the 
“inhibition of reinforcement 

5 The data suggest a more rapid extinction late of the gen¬ 
eralized than of the conditioned responses. 

6. The increase in magnitude of galvanic response with in¬ 
creased intensity of stimulation is almost linear when the stimuli 
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are separated by equal numbers of just noticeable differences in 
intensity 

7. A large number of parallels in the phenomena of generaliza¬ 
tion and of retroactive inhibition suggest that the two fields may 
be integrated by theoietical analysis 

8. The thcoiy of generalization advanced by Pavlov is com¬ 
pletely inadequate to cover intensity generalization, Guthrie's 
theory is simple and does cover this form of generalization, but is 
cxtiemcly difficult to test crucially. 
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SURVEY OF EXPERIMENTS OF CHILDREN’S ATTI¬ 
TUDES TOWARD PARENTS 1894-1936* 

StaU Bureau of Ju^emJe ticseatcJh Cohimhui, Ohio 


Ralph M Siogdtll 


Chile]ren’s attitudes towaul parents have been occasional subjects 
of scientific inteicst and experimentation over a period of several 
decades. Howcvei, no systematic investigation of a comprehensive 
sort has been undeitaken This dcficiencv is rathei surpiising in 
view of the large body of sociological, psychological, and psycho¬ 
analytic wiitings describing children’s reactions to parental behavior 
and home atmosphere 

The picsent suivcy of experimental literature was undci taken witli 
the aim of determining what had been accomplished in the field of 
mcasuiing children’s attitudes by means of tests and questionnaires. 

The following abstracts contain, m general, a brief description 
of the experimental procedures employed in the investigations and a 
statement of results obtained. Only those studies are included in 
which some measuring device (questionnaire, interview form or test 
blank) was employed for recording and scoring attitude responses. 

The Investigations 

As early as 1894, Baines (4), influenced by the work of G, Stan¬ 
ley Hall, analyzed the responses of 4,000 children (ages 7 to 16) 
who described punishments they had received, It was found that 
'‘children do not object to any of tlie oidinary forms of punishment 
because of the penalty itself.” Children do object to unjust punish¬ 
ment—that is, punishment administered when the child feels that 
he was innocent of any wiongdoing or unable to avoid an accident, 
punishment administered without any reason being apparent to the 
child, and punishment which appears to be spiteful or unusual 

The types of punishment advocated by 3,000 school children were 
analyzed by Schallenberger (23) Whipping, sending to bed, and 
confining are advocated with decreasing frequency from the age of 
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six to sixteen; while explaining, excusing and thieatenmg are men¬ 
tioned with increasing frequency from the younger to the older ages. 
Boys are somewhat more severe than girls, and younger children 
are less meiciful than older ones Young children judge actions 
by tUeir results, while older ones look at the motives which prompt 
them 

Goddard (8), using a questionnaire technique, found that Ger¬ 
man children differ considerably from American children in the 
gieater frequency witli which they choose paients as ideal men and 
women, Goddard (8), Dairah (7), Baines (3), and Chambers (6) 
found that American, English, and German children choose parents 
less frequently as ideals as they progiess liom the age of seven to 
sixteen, Although boys seldom choose a woman as an ideal, a large 
peicentage of American glils choose men as ideals, and the peicentage 
increases with age 

A qucstlonnaiic study made by Nimfcoff (20) on 1,336 males and 
1,336 females (with average age about 18 years) indicates that 
both sons and daughters give more willing and complete obedience 
to the mother than to the father, confide in the mother more often 
than the father, and are more willing to share recreational experi¬ 
ences with the mother than with the father Daughters, however, 
are more obedient, confiding and moie fiequent companions to their 
mothers tlian sons are, 

Ljmd and Lynd (15) made a questionnaue study of childien^s 
attitudes as a part of their investigation of the social structure of a 
typical American city The most fiequent sources of disagreement 
between children and parents according to the replies of 348 boys 
and 382 girls arc; hour of getting in at night, number of nights out 
during school week, spending money, use of automobile, and the 
boys and girls chosen as friends. High school boys and girls are 
closely agreed as to the relative desirability of certain traits in a 
father. Such traits as spending time with his children, respecting 
his cliildien*s opinions, and never nagging are rated as being more 
important than owning a good-looking car, being socially prom¬ 
inent, and being well dressed. Boys and girls are also closely agreed 
that, in a mother such traits as being a good cook and housekeeper, 
never nagging, and respecting children's opinions are moie important 
than being prominent in social life^ being well dressed, being a good 
hostess and being a college graduate 
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An extensive Child-Paicnt Relationships question nan e was used 
by Bowcjs (5) with 1,168 high school and college students The 
girls believe that they are favoicd by their fathers, and the boys 
that they are favored by their mothers. There is a prcponderanLc 
of preference foi the mother by boys and girls at all ages. The 
mothci docs a largci part (mother 54 per cent, father 31 per cent) 
of the punishing, “but whethci the punishment is administered by 
the mother, the father, or by both parents, a preponderant percentage 
still picfeis the mothci A laige pciccntagc (42 pei cent) felt 
that they had been unjustly punished, and 45 per cent resented 
punishment, An average of 40 per cent of the children fear the 
fathei, and 19 per cent feai the mother, although the children come 
fiom the better class of home 

An interview study of parent preferences uas made by Simp¬ 
son (26) Hci results, obtained with 500 childicn (ages five to 
nine), indicate that childien of both sexes gcncially picfci the mother 
to the father, and prefcience for the fathci declines with the age 
of the child According to the reasons which the childien thcin- 
selves give foi their piefercnccs, they like the patent best wlio cateis 
to theii physical wants, expresses affection for them, plays with them, 
and punishes them least. 

In a questionnaire studj' of 40 delinquent and 40 non-delinquent 
boys, Rcinhaidt and Fowler (22) found that approximately twice 
as many of tlie delinquent boys regarded as the “meanest man*^ 
one who whips his children Seventy pei cent of the delinquent boj's 
gave tins response 

Mcltzer (18) used a standaid form for recording childien’s free 
association iespouses in an interview One hundred fifty school 
childien, 8 to 16 years of age, each gave 10 attitude iespouses towaid 
each parent “Reactions classified as vciy mildly oi barelv pleasant, 
added up to 65.5 per cent of all responses foi mother and 61 per 
cent for fathci, unpleasant reactions, similaily subdivided according 
to intensity, totalled 4 pci cent foi mother and 7 6 per cent for 
father “ Fatheis arc moie frequently mentioned as the pcison 
who “takes me places,” “gives me,” and “plays with me I” Expres¬ 
sions of love, loyalty and relationship arc more frequently mentioned 
regarding the mother Sixty pei cent of all responses indicate some 
form of dependence 

In a recent elaboration of this method, Meltzer (19) studied the 
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association lesponses of children from three distinct socio-economic 
groups licli, middle class, and very poor. Children fiom the pooiest 
and richest homes think of parents in teims of “peisonality char¬ 
acteristics,” while '^does things for me” is given most fieqiiently 
as a characteristic of middle class parents Childien fiom the low¬ 
est economic group give most reactions relating to ^‘treatment and 
discipline” Middle class childien give the largest number of 
^'emotional acceptance” reactions, while lowest class children give 
the most “hostile” leactions Fear, guilt, and adoiation leactions 
aic given laigcly by children from the lichest homes, shame reactions 
by the middle class, and ambivalent reactions bv the pooiest chil¬ 
dren. Attitudes signifying insecurity aic found laigcly m children 
from the poorest homes, Both over-dependence and rejection atti¬ 
tudes aic expressed by the rich children Middle class children 
regard patents as less repicssivc than do the othei two groups 

Using a standard mteiview form with 107 juvenile delinquents, 
Newell (21) found that 64 per cent of the boys and 56 per cent of 
the girls stated that their fathers did most of the punishing at home 
Fifty per cent of these children say they were punished more than 
any of their brothers and sisters, Preponderant percentages of these 
children preferred the parent of the opposite sex. Eighty per cent 
of the boys piefer the mother, and ten per cent the fathei; while 
only 33 per cent of the girls prefer the motWei, and 53 per cent 
prefer the father. Theie is a definite tendency for jealousies to be 
felt toward siblings favored by the parents, particularly by the 
parent opposite in sex from the patient. 

Analysis of the case recoids of 40 problem children (8 to 10 
years old) by Yarnclle (37) indicates that boys prefer the mother, 
no matter what her attitude toward the child. Girls tended to 
prefer the parent who picfcired or over-protected them or played 
the dominating role in the family "The boj^s who weie over-pro¬ 
tected by tlieir mothers tended to have personality difficulties, while, 
to a less degree, those who were icjected displayed socially un¬ 
acceptable behavior ” The children who preferred the mother 
tended to prefer being alone to paiticipating in group activity. 

The Thurstone technique was employed bv Stagner (27) in con¬ 
structing two scales for measuring attitudes toward one’s mother and 
father. Two groups of male college students, one emotionally stable, 
the other emotionally unstable responded. “It is indicated that 



RALPH M. STOGDILL 


297 


emotinnally unstable young men have decidedly less favoiable atti¬ 
tudes towaid tlieii fathers and slightly more favorable attitudes 
toward then mothers'* Stagnci (28) also found that in the con- 
struction of his scale the mean values of the male sorters for the 
father and mothei scales are idcnticali ^hile women sortcis favor 
their fathers. 

A questionnaire study made by Stevens (29) compaiing 100 
adult recidivists with 100 college freshmen indicates that very strict 
home discipline and stiict religious atmosphere in eaily life are 
associated with subsequent antisocial behavior Stiict home atmos¬ 
phere^ parental incompatibility, and lack of paient-child comiade- 
sliip weie Significantly moie prevalent in the delinquent group 

Watson (35) reports the Jesuits of a questionnaire which was 
rated by 230 graduate students in education, Those students who 
had been sevciely punished and were stiictlv supervised and over- 
piotected as childlen found themselves suffering moic serious per¬ 
sonality maladjustments as adults than did those students whose 
parents tieated them leniently in childhood 

An elaborate questionnaire was employed by Woodward (36) jn 
his investigation of the factors influencing the religious lives of 384 
adults whose religious beliefs range from conservatism to atlieism. 
Healthy-iTundcdness, rebellion against discipline, and friction between 
parents all show negative correlations with fidult religious life 
Self-consciousness seems especially to follow strong maternal oppo¬ 
sition, and to be accompanied by insecurity, habits of worry, and 
lack of friendships Friction between the parents is associated with 
the child's rebellion against parental discipline and with friction 
between siblings 

Through the administration of a set of scales for measuring 
attitudes toward the behavior of parents and children, Stogdill (30, 
31) found that there is a close con elation between the attitudes of 
college students and paicnts while psychologists are significantly 
moie liberal in their viewpoint Subsequent studies (32, 33) reveal 
that students arc somewhat moie liberal than parents in granting 
children freedom from parental control Students who reported 
having been severely punished as children endorsed the strongest 
control, while those who resented punishment endorsed freedom 
from control. 

Four hundred children from 4th giade elementary school to 
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4tli year in college listed 1,695 advantages and 2,287 disadvantages 
fiom mothers^ woiking regularly outside the home, m a study 
made by Mathews (16) The younger childien's objections 
aie based Inigely on the desire for physical comfort and protection; 
while with mcrcase of age, social factois, such as standing of family 
in the community, became increasingly important. In a subsequent 
study, Matthews (17) used a ‘'Home Blank*’ of 100 items asking 
questions of fact about the home and also whether the child was 
made happy or unhappy by these tacts The subjects were 568 
children, grades S to 9 Of these, 100 children were found whose 
mothers worked out of tlic home These were carefully paired 
with 100 children of non-woiking mothers, keeping constant age, 
grade, sex, scliool, father^s occupation, and community The two 
groups diftcicd more in socio-economic status than in attitude The 
slight differences m <attitude found were in favor of the childleti 
of jion-woikiiig mothers, 

A questionnaire study made by Leonaid (13) of 303 high school 
girls conceining mothei-daughter i elation ships indicates that daugh¬ 
ters are more likely to confide in the mother who is patient, sym¬ 
pathetic, and willing to accept a joint decision, and that a wholesome 
confidential relationship is hindcicd by such factors as emotionality 
in the mother (yelling, nagging, weeping, ridicule), or misunder¬ 
standing of the girl’s attitude, actions or problems, Leonard (14) 
also used separate questionnaires with 203 freshman girls and theii 
mothers in a study of mother-daughter relationships. A marked 
correlation was found between pooi social adjustment m the gills 
and dreading to leave home, homesickness, mother’s civmg, desire on 
part of girl to retina home or have the mother’s comfort and 
presence at college There was found to be a positive relationship 
between good social adjustment and smoking, moie than one love 
affair, and understanding by the mother of her daughter’s sex 
problems 

Klein (11) had the questioiinaiie results of 70 men students 
rated by three judges to determine the degree of "father antagonism” 
expellenced by these individuals. A correlation of 0 60 was found 
between father antagonism and radicalism scores made on a ques¬ 
tionnaire on public issues. 

Similar results are reported by Allport (1), who found that 
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radical college students disagree with then fathers in political 
opinions far more fieqiiently than do conservative students 

Harris, Remmers, and Ellison (9) used Harper’s "Social Study” 
questionnaire with 307 college undergraduates Both men and 
women students who disagree with their fathers* politics arc more 
liberal in theii social attitudes than are the students who agree with 
their fathers 

Telford (34) used Tliurstone's scale for the measurement of 
attitudes towaicl the treatment of criminals Of 160 students who 
stated the religious affiliations of their parents, 24 cases were found 
wheic the fatliei, mother and child did not belong to the same 
church The 24 students in tins group were more liberal in their 
attitudes than the average for the group as a whole In cases where 
father and mother belong to different denominationsj the mother is 
more dominant in deteimining the church membcibhip of the children, 

A questionnaire study made by Anderson and Dvorak (2) with 
30 students as subjects revealed that "college students differ from 
their parents and grandparents on the standards on which they base 
theii conduct, m that they prefer the standard of prudence and 
esthetics to that of right and wrong The greatest differences in 
standards of conduct occur between age groups rather than between 
sex groups *’ Students differ from grandparents and parents more 
than parents and grandparents differ 

Shuttleworth and May (25) used three check lists of attitudes 
toward home and parents in their comparative study of the attitudes 
of children who attend movies frcquentlj’^ and those who attend 
rarely or not at all. The slight diffcienccs found in attitudes 
towaid parents indicate that "movie children aic more discriminating 
and more sensitive to parental approvals and disappiovals.” 

The attitudes of 4,000 high school pupils were measured by Kulp 
and Davidson (12) on an International Attitude test. The group 
studied included 91 pans of brothers, 85 pairs of sisters, 155 pairs 
of brotliers and sisters, making a total of 331 pairs. The results 
indicate that the "resemblance of siblings in social attitudes can be 
measuied by a correlation coefficient of about 0 32 and resemblance 
of random pairs can be measured by a coefficient of about 0.00." 
Sisters, probably because they are more closely supervised by the 
home, show a somewhat closer lesemblance in attitudes than brothers 
do 
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Another study indicates that children resemble tlieir parents in 
moial standards more closely than any one else Hartshorne, May, 
and Sluittleworth (10) compared childien^s scores on a moral 
knovrledgc test with the scores of other persons with whom they 
were closely associated The following correlation coefficients were 
obtained, childicn with paicnts .545; children with friends .353; 
cliildicn with club leaders 137, cliildicn with school teachers .060; 
childlen with Sunday school teachers -002 

Slid man (24) has made a study of factors influencing the develop¬ 
ment of attitudes of childien living in four more oi less isolated 
mountain communities It is apparent fiom his data that the lower 
the status of the community in the scale of social development the 
more neaily does the general behavior simulate the expressed atti¬ 
tudes Children in the moie isolated communities do not change 
their attitudes for the purpose of winning adult approval or making 
a good impicssion .ns leadily as do children in communities of higher 
social development. 

Summary 

The results of these studies may be summarized as follows 

1 Children feel a high degree of dependence on their parents 
(18) ; although they become less dependent on parents, and choose 
pauents less frequently as ideals as they advance m age from six to 
sixteen (3, 6, 7, 8). 

2. The mother is prefcired to the father as a parent by unse- 
lectcd school children of both sexes (5, 18, 20, 26, 37); while 
delinquent and problem children are likely to prefer tlie parent of 
the opposite sex, especially if that parent is over-protective (27, 37) 

3. Preferences for paients are formed largely on a ‘Value re¬ 
ceived’^ basis, especially by younger children Older children give 
more sophisticated reasons for their preferences (16, 17, 18, 26). 
Childien feel that paicnts tend to prefer oftspiing of the opposite 
sex (5, 20), 

4. Children resent seveie and unjust discipline (4, 5, 21, 22, 
23), and prefer greater freedom from control and supervision than 
parents consider desirable (15, 32, 33) Child guidance specialists 
are even more insistent than children upon the desirability of 
freedom from''Wo strict parental control (30, 31, 32, 33). 

5. VdtV strict discipline and stiict religion in the early home 
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life of the child may be associated with later personality maladjust¬ 
ments, delinquencies, or unhappiness On the other liand, children 
who come from homes wheie discipline and leligious attitudes arc 
lax are more likely to be happy and well adjusted (13, 14, 29, 35, 
36, 37). 

6. Young people who feci a certain amount of antagonism to¬ 
ward then parents or who disagiee with theii parents aie likely to 
be libel al in their attitudes on social and moral questions (1, 2, 9, 
11, 34). 

7 Thcie IS evidence that children’s attitudes and behavior are 
highly dcteimined by the natuic and complexity of the social cn- 
viionmcnt m winch they aie icaied (24) Parental and family 
influences aie moie potent than such factor*? as intelligence and socio¬ 
economic status in determining childicn’s attitudes (10, 12, 33), 
although social status may be a conditioning factoi (19). 
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PERSONALITY TESTS OF DEAF ADULTS*^i 

Teaclieis College of Columbia University, and Gallaudel College 


Rudolf Pintner, Irving S. Fusfcld, and Lily Brunschwig 


Introduction 

Ic IS often held that physical handicaps leave their imprint on the 
emotional life of the individual This is considered to be particu¬ 
larly true in the case of deafness as the auditory defect tends to 
lestilct the range of cxpciicncc and to isoUile the individual so 
affected from ready social relations with the normal hearing. More¬ 
over, pel sons who have been without hearing from early childhood 
frequently suffer also from a marked language Iiandicap since the 
most important avenue of verbal communication is closed to them. 
Their vocabulary is often meager and tlicir comprehension of the 
written word restricted. All of these factors are likely to influence 
the personality adjustments of the deaf. 

Objective studies of the personality adjustments of adults suffer¬ 
ing from different degrees of hearing loss are few in number, 

Welles (4) administered the Bernreutei PefSO?ialiiy hiventory to 
225 urban hard-of-heaiing adults and compared the scores with 
those of comparable normal hearing subjects. He found the hypa- 
cousic group to be significantly more emotional, more introverted 
and less dominant than the hearing control group. There was no 
marked difference between the two groups in self-sufficiency. 

Fintncr (3) studied emotional stability among rural Jiard-of-lieai- 
mg groups by means of the Beinreuter Inve?ttoty and made com¬ 
parisons with results from equivalent normal hearing subjects. The 
hypacousic gioup proved to be decidedly moie neurotic, more intro¬ 
verted and moie submissive than its control hearing group In addi¬ 
tion, the hard-of-hcaring scoied as more self-sufficient 

Somewhat similar results were obtained by Lyon (2) in his study 
of deaf high school pupils. On the basis of the Thurstonc Peuoii- 
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allty ScheduUj tlie percentage of deaf })igh school pupils classified 
as emotionally maladjusted was found to be twice that of college 
freshmen of corresponding age. 

The Problem 

The present study is concerned with some personality adjustments 
of deaf adults* as indicated by then scores on the Beinreuter Per- 
soJiaUi^ Inventofyj in comparison with norms for the hearing and 
in relation to several personal factors, 

Trv-out of the Bernreutfr Inventory on Deaf College 

Students 

To ascertain whether the Bernreuter Test would serve as a valid 
measure of the personality adjustments of the deaf, the inventory 
was tried out on SO deaf students in attendance at Gallaudet Col¬ 
lege, Six faculty members rated the students, with whom they were 
acquainted, on a nine-point scale in the tiaits included on the test, 
i e., neurotic tendency, self-sufficiency, introversion and dominance 
CorreLitions between Bernreuter scores and the ratings of college 
students are shown m Table 1, 

TABLE 1 


Correlations UETWEnw Bbrnrbuter Scores and Instructors’ Ratings op 
Gallaudet College Stupents in Neurotic Tendency (Bl-N), Self- 
Sufficiency (B2-S), Introversion (B3-I) and Dominance (B+-D) 


Rater 

Bl-N 

B2-S 

B3-I 

B4-D 

No of 
Cases 

B 


18± 10 

,28d: 10 

6Z± 07 

42 

D 

.19±,09 

17± 09 

34± 09 

,495± OS 

46 

H 

16±.09 

35± 09 

— 07±.10 

44±08 

46 

K - 

-.15±.10 

28± 09 

— 06±10 

33±09 

46 

N — 

- ii±.n 

S3d=.08 

.27d:.10 

49d;,08 

43 

R 

I2±,n 

25±.10 

—,39± 10 

.48±.0S 

39 

Mean rating— 

■07± 10 

43± 08 

14±.10 

5S± 07 

46 


Whereas practically no correlation occurs between ratings and 
tcs>t scores in the areas of neurotic tendency and introversion, the 
agreement in self-sufficiency and dominance is fairly close It may 
be that the traits termed self-sufficiency and dominance weie more 
easily identified by the raters than were neurotic tendency and intro¬ 
version , or It may be that the latter two traits were not adequately 
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measured m deaf subjects by the Bernreuter Ijiveiitoty In view of 
the relatively low correlation coefficients usually obtained between 
personality test scores and ratings, it would appear that the Bern- 
reuter Test measures in deaf subjects to some extent in tvv'^o traits 
characteristic modes of adjustment which are visible to outside ob¬ 
servers 


Revision of the Bernreuter Inventory 

The college students to whom the Bernreuter Test was administered 
constitute a selected group with respect to educational status and 
comprehension of English. The aim now was to leword the inven¬ 
tory so as to make it comprehensible to a moie inclusive population 
of deaf adults without theieby alteiing the oiiginal significance of 
the test questions With this end in view, items which contained 
involved idioms or difficult sentence constructions were simplified, 
Since, in spite of piccautions, some changes in meaning might have 
occurred in the process of alteiing statements, a check was made 
of responses to the smipJified items Foi this purpose, the levised 
Bernreuter Test was given to 27 normal hearing college students 
who had several weeks previously answeied the Bernreuter Test 
in Its original form 

Scores obtained foi each student from the original and revised 
forms of the Beinieuter were con elated As may be seen in Table 2, 


TABLE 2 

Rutkst Reiiability Coefficients on the Bernreuter Inventory 



r between original 
and revised form 

N = 27 

Retest reliability 
(Lentz) 

N = 139 

Bl-N 

78 

.92 

B2-S 

78 

91 

B3-I 

78 

90 

B4-D 

85 

92 


these retest coefficients are somewhat lower than the ones found by 
Lentz (1) from administeiing the Bernreuter to 139 students twice 
after a lapse of time vaiying fiom one to foui weeks 

Note was also made of the consistency with which subjects re¬ 
sponded on the fiist and second tests to 44 of the items in which 
revisions had been made and to 44 items in which no changes had 
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been made. The altered items were giouped under two headings; 
tliE first contained 25 slightly changed statements in which only one 
or two words had been altered, the second consisted of the 19 more 
extensively changed items involving modifications of sentence struc¬ 
ture or substitutions of phrases. 

The responses to each of these items on the original and tlic 
revised forms of the Bernrcutei as given by the 27 students, were 
tabulated 

In unchanged and slightly levised items, an average of six changes 
in response per item was made by the 27 students from the first to 
tlic second test, wliereas responses to the 19 more extensively modi¬ 
fied statements averaged eight changed responses per item The 
range in the number of changed responses per item by the 27 students 
extends frorn one to 14 for unchanged items, from one to 11 for 
slightly revised items, and fiom four to 12 for items in which more 
extensive revisions had been made 


TABLE ^ 

Mean Raw Score of Deaf Adult Men on the First Revision of the 
Bernreuter Test on the Basis op Assigned Ratings 


Test ares and rating 

Deaf adult men 

Number 

Mean 

Neurciic Tendency (J37-A^) 

Very Weh Bulanced 

5 

—114 

Well Balanced 

IS 

—58 

Average 

+ 

—10+ 

Fairly Well Balanced 

2 

+ 11 

SGmevrhat Unstable 

2 

—57 

Self Sufftaeticy {B2~S) 

Definitely Self Suftident 

4 

+ 81 

Rather Self Sufficient 

9 

+ 58 

About Average 

11 

+ 34 

Dependent 

4 

+ 8 

Intro^venton (B3-I) 

Very Extroverted 

1 

—78 

Somewhat Extroverted 

5 

—59 

About Average 

10 

—83 

Somewhat Introverted 

s 

—12 

Quite Introverted 

7 

—21 

Dominance 

Rather Domitiant 

6 

+89 

About Average 

9 

+ S3 

Rather Submissive 

11 

+40 

Very Submissive 

2 

+ 2 
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Since students responded in general with similar consistency to the 
unchanged and the slightly changed items on the levised form of the 
Bcrnreutei Test, indications are that the validity of items was not 
perceptibly affected by a slight revision Even among the 19 
more extensively reworded items, there is an average increase of but 
two changes per item over the unchanged and slightly changed items. 

The validity of the revised Bernreuter Liventoty is demonstrated 
also in the essential agieemcnt between ratings by one of the writers 
of deaf adult subjects known to him and test scores m tlie corres¬ 
ponding areas of the Bernreuter Inventoiy These results are given 
m Table 3, Because of the small number of women for whom 
ratings were available, data for this group are not included 

Table 3 lists the ratings employed for each trait, the number 
of men receiving a given rating, and the mean score of that particular 
group As in the case of deaf students, the ratings and scores of 
deaf adults agree closely in the areas of self-sufficiency and dominance 
and somewhat less so in the area of introversion The lack of 
agreement between ratings and scores of neurotic tendency suggests 
that tins trait is not so easily recognized bv raters as the other three 
traits. 

Administration of the First Revision of the Bernreuter 

Inventory 

The 71 deaf subjects on whom this revision of the Inventory was 
tried out, were located m widely scattered parts of the United 
States. They were reached with the cooperation of a number of 
capable deaf key persons known to one of the wiiters The key 
persons filled m test blanks themselves and then administered the 
inventory to deaf members of their community, giving them any 
help required to understand the meaning of items. In order to in¬ 
sure uniformity of procedure, detailed directions for administering 
the inventorv were given to each key person. Instructions were also 
given to record difficult words and ambiguous phrases, and to sug¬ 
gest needed modifications in language and test procedure The com¬ 
pleted test papers were returned by the subjects to their respective 
key persons, who in turn mailed them to one of the writers. 
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Preparation and Administration of the Final Revision of 

THE BeRNREUTER INVENTORY 

The critical suggestions giowing out of the expciicnce of giving 
the Beiiireuter Test to deaf subjects became the basis for the second 
revision of the inventory for use with the deaf* Changes made 
included the simplification of some items and a rephrasing of others 
to have them conform more closely to their original form. The one 
marked dcpartiiie from the oiiginal form involved the sub-division 
of items 24> 28, 54, 87, 94 and 118 into two parts eacli, sub-item A 
peimitting the subject to lepoit on his behavior in a given situation 
if hearing persons were iiuincrically piedominant in it, sub-item B 
if deaf pci so ns were involved (Items in which this change was 
made arc given later on in this aiticle,) 

In the scoring of these double response items, both the A and B 
answers of each item wcic taken into consideration The weights 
assigned by the Bcrnieutei scoiing key were given to each of the 
two responses and the value of the item as a whole deteimined by 
obtaining an average of the two scoring weights^ 

The statement of the subject's name was made optional, being 
required only of those who wished to be informed of their standing 
on the test* It developed that among the 126 subjects who answered 
the second levision, there were but 8 anonymous replies, five of them 
being from men and thiee from women* 

Copies of the second revision of the Beinreutci Test were dis¬ 
tributed again among deaf persons in all parts of the United States 
with the aid of key persons In oider to keep tlieir replies confiden¬ 
tial, the subjects were given stamped and addressed envelopes with 
the instruction to return their test blanks diiectiy to the wi iters, 
The attempt was made to reach a representative cross-section of deaf 
adults with respect to locality and social-economic status 

Comparison of Scores from the Deaf with Norms for the 

Hearing 

The test results from the administration of the original form of 
the Bern router Inventoty to 50 deaf college students and of the 
second revision of 126 deaf adults are presented m Table 4 The 
mean and standard deviation of raw scores are indicated for each 
group followed by the percentile norms for the respective popula- 
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tion as given by Bcrnrcutei These peiceiitile noims, based on the 
scores of noimal Iieaiing subjects, indicate how the aveiage scores 
of deaf college students and deaf adults compaie with the median 
standing of normal hearing college and adult groups. 

In terms of lieanng norms on the Bl-N Test, the deaf of both 
sexes and both age groups scoie as emotionally moie unstable than 
the hearing. 

On the B2-S measure of self-sufficiency, the college population of 
both sexes and the adult men scoie below the median score of the 
hearing norms. In contrast, women of the deaf adult group average 
scores in self-sufficiency that place them above the median of the 
hearing norms Deaf men students scoie farther below the median 
percentile of hearing college men than do deaf women students 
below the median percentile of hearing college women. 

On the B3-I test, the deaf of both groups and of both sexes avci- 
age above the median of the hearing in introversion, Deaf women 
in comparison with hearing women score as mote introverted than 
do deaf men in comparison with heaiing men 

With respect to the B4-D test, all groups of deaf scoie slightly 
below the median of the hearing in dominance On the basis of hear¬ 
ing normS) deaf men score as slightly less dominant than deaf women. 

The scores for the young deaf college students and for the older 
deaf adults are m general very similar, in spite of the differences in 
the form of the test itself and in the ages of the two groups, 

A sumirkary of these results shows that the deaf in comparison with 
the healing obtain scoies indicative of greater emotional instability, 
more pronounced introversion, and a lesser degree of dominance 
Except for the deaf adult women who score slightly above the median 
of normal hearing women in self-sufficiencv, the other deaf groups 
score as less self-sufficient than their equivalent normal hearing 
groups. 

In this connection it is of interest to compare the deaf not only 
With the noimal hearing, but also with the hypacousic for whom 
Pintner (J) and Welles (4) obtained data on the Bernreutei 'I'est. 
The hypacousic groups consist almost wholly of women, therefore 
deaf men cannot be included in the compaiison. Table 5 lists the 
mean Bemreuter scores and the equivalent hearing peicentile scores 
of deaf college and adult women and of urban and rural h3'pacousic 
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women The total liypacousic group includes the rural and urban 
cases. 

The deaf adults of the present study are for the most part an 
uiban group* When compared with the urban liypacousic women, 
they arc less self-sufficient, somewhat more neurotic, and slightly less 
introverted than the hypacousic There are practically no differences 
in dominance. 

In comparison with the rural and total hypacousic groups, deaf 
students score as somewhat more neurotic and deaf adults as less 
neurotic Both groups of the deaf arc less self-sufficient, less intro¬ 
verted, and more dominant than either the rural or the total hypa- 
coiisic groups 

But notwithstanding some slight difteienccs between the scores 
of the deaf and the hypacousic, botli of these groups deviate in a 
similar direction from the noims of the hearing The one exception 
to this occurs in self-sufficiencyt deaf students scoring slightly below 
the median, whereas deaf adults and hypacousic adults score slightly 
above the median of the normal hearing In the other areas, the 
hypacousic and the deaf are in comparison with the normal hearing 
more neurotic, more mtroveited, and less dominant* 

Personality Score in Relation to Age and Other Factors 

A peisonal data sheet, attached to each test paper and filled in by 
deaf subjects^ supplied information about chronological age, age at 
becoming deaf, numbei of yeais spent in school, and othei factors 

Coi relation coefficients were computed between Bern renter scores 
and those vai iables on the personal data sheet which lent themselves 
to this form of statistical treatment The results arc given in Table 
6. Because of the relatively small number of deaf college students 
from whom personal data were obtained, the scores of men and 
women students were combined for the computation of correlation 
coefficients. Since differences in score due to sex are usually found on 
personality tests, the influence of this factor was eliminated by tians- 
muting the scores of the students into the equivalent percentile scores 
for college men and women given by Bernreuter For the adult 
group, separate correlations were computed for men and women, and 
were based on raw scores. 

The relationship between age in years and test score is too slight 
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a ABLE 6 

,71:J2N BERNRUJTbR AND ChARACTCRISTICS OF DeAP SUDJECra 

Variables Coirelaletl Wuh Bernreuter Scores 

Age at becoin- Amount of School- 
Age in years mg deaf ing iii >ear8 


L 

nen 

+ a7zb 10 

— 22zt: 08 

— Udt 09 

— 33zt 10 

— 28±: 07 

— 06dz 09 

—.07d;.t)S 
— 46± 07 

1 

Tieii 

— 29zt 10 
+ .10db 08 
+ 02± 09 

+ 55±.(}7 
+ 49ii; 06 
+ 32d= 08 

—.lilt 08 
— 16=b.09 

i 

men 

+ H-± 10 
—18xt 08 
— 0+± 09 

—.19Ht 10 
—*28d= 07 

24=b 09 

— 03=ii 08 

— 28=iz 08 

1 

men 

—ISzh 10 
+ 17± 08 
+ ,ll± 09 

+ 41dz 09 
+ *35=t,07 

H- 20±.09 

— 03zb 08 

— 32^.08 


idicatc a leliablc association* Ncvei theless, the con- 
• in sign for adults and students may be of signifi- 
udent gioiip, the moic desiiablc tendencies, that is 
f neurotic tendency and intioversion, together with 
of self-sufficiency and dominance tend to go with 
n the adult group this relationship is reversed—the 
Df tlic group paiticularly among men, scoic as less 
lovertcd, and as more sclf-suflicient and dominant 
I members* 

f the data suggests that these slight relationships bc- 
cst score may be due to an unequal selection of cases 
levels rather than to a fundamental relationship bc- 
,core, Xhus, the age range of the college group ex- 
3 28 years The six oldest students ranging from 25 
age tend to have relatively high scores in neurotic 
reversion, and relatively low scores in self-sufficiency 
Among adult men, tlie five oldest are from 55 to 64 
"hese five individuals, in comparison with the total 
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gioup of adult men, scoie below the mean m intioversion and 
neurotic tendency and above the mean in dominance With but one 
exception, they score above the mean also in self-sufficiency The 
presence of these relatively unusual individuals m each of the two 
groups seems to account for the slight lelationships found between 
age and Bernreuter score. 

The correlations between test scoie and age at which the subject 
became deaf are somewhat larger. There rs a slight tendency for a 
gieater amount of neurotic tendency and intioversion to be associated 
with earlier age at becoming deaf, and fot lowei scoies in neurotic 
tendency and introversion to go with later age at becoming deaf. 
The opposite IS true in the traits of self-sufficiency and dominance, 
The later in life subjects lost theii hearing, the moie self-sufficient 
and dominant aic they now, whereas subjects deaf at an earlier age 
are less self-sufficient and dominant. The relationship between age 
at growing deaf and the traits of neurotic tendenev* self-sufficiency 
and dominance is closest for the college gioiip, next highest for adult 
men, and least marked for adult women 

A statistical analysis indicates that these relationships aie linear 
We may conclude from this that subjects, paiticularly men, who are 
deaf since early childhood are lilcelv to be less well adjusted and less 
self-sufficient and dominant than individuals who lose their hearing 
at a relatively latei age in life As the study includes no data for 
individuals who became deaf after the age of eighteen years, it is not 
possible to say what the iclationship between adjustment and age at 
becoming deaf would be foi such persons. 

In the study of relationships between inventory score and number 
of years in school, the college students weie omitted as their educa¬ 
tion IS still in progress, and no final measure of that factor is there¬ 
fore available, Among deaf adults, relationships between education 
and scoie are closer for women than for men. For men, most of the 
relationships, although consistently negative, are veiy slight. Since 
men and women are roughly equal in chionological age and number 
of ye.irs of school attendance, the implications are not quite clear as 
to why there should be a more maiked tendency among women than 
among men for more years of schooling to go with better emotional 
stability, less introversion, and lessei amounts of self-sufficiency and 
dominance 
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Personality Score in Relation to Methods of Communica¬ 
tion WITH THE Hearing 

The deaf adults were next classified on the basis of their self- 
reported most frequent method of communicating with the hearing 

To the question “How do you communicate with hearing per¬ 
sons?” 36 per cent of men and 32 pei cent of women reply that they 
depend foi tlie most part on speech, 28 per cent of men and 38 per 
cent of women place the emphasis on speech combined with writing, 
and 36 pci cent of men and 30 poi cent of women indicate wiiting 
to be their most fiequcnt mode of communication The scores of the 
four men and one woman who reported communicating with the 
hearing by manual alphabet oi signs in combination witli vaiious 
other methods aie not included in these comparisons, as the small 
number of cases and the wide lange of scoies precluded the drawing 
of any reliable conclusions. 

Table 7 lists the number of cases and the average scoic of subjects 
included in each of the classifications The last column of the tabic 
gives the significance of the diffciencc between the mean scores of 
subjects in difteient classificatioiib in terms of the latio of the dif¬ 
ference between the mean scoies of two groups to the standard error 
of the difference A latio of three or more is generally held to indi¬ 
cate a statistically leliable difteience. 

It will be seen that men and women who communicate with hear¬ 
ing persons by speech score as emotionally better adjusted and more 
extioveited than subjects who employ a combination of speech and 
wilting The latter m turn aie bettei adjusted than subjects who 
report that tliey use wilting alone. 

A similar difference among these groups is shown with respect to 
scll-suflicicncy and dominance Subjects employing speech score as 
naoie self-sufficient and dominant than individuals communicating 
with the healing by speech and writing, wlieieas the subjects em¬ 
ploying wilting as their sole method of communication average the 
lowest scores in self-sufficiency and dominance In all four areas the 
difference m scoie is laigest between subjects depending on speech 
alone foi communicating with the hearing and subjects wlio resort to 
writing. The diffeience ui score between these two groups is statis¬ 
tically reliable as applied to men in neurotic tciidencv, self-sufficiency 
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TABLE 7 


Comparison op Phisonalitv Test Score of Subjects CoMMUNicAriNO with 
HcariNQ People dv Speech, dv Speech and Writing, and 
BY Writing Respectively 


Test 

area 

Group 

Method 

of 

coininiinication 

N 

Mean 

SD. 

Groups 

compared 

DilT 

^ ^ aift 

D|'N 

1 

Men' 

Speech 

23 

—84 37 

65 701 

1 vpjth 2 

—2,58 

1 

2 

Speech & Writing 

18 

—25.78 

76 89 

' 1 with 3 

—3 37 


3 

Writing 

23 

—19 26 

65 42 J 

2 with 3 

— 29 


1 

Women* 

Speech 

17 

—38 56 

37,56 1 

1 with 2 

—1,61 


Z 

Speech & Writing 

20 

—10.70 

65 95 

1 with 3 

—4 49 


3 

Writing 

16 

31 32 

SO 49 J 

2 with 3 

—216 

B2-S 

1 

Men 

Speech 

23 

56.52 

so 961 

1 with 2 

189 


2 

Speech & Writing 

IS 

29 89 

39 21 

‘ 1 With 3 

337 


3 

Writing 

23 

S 91 

44 71 J 

2 with 3 

1,60 


1 

Women * 

Speech 

17 

22 00 

66 49 1 

1 with 2 

96 


2 

Speech & Writing 

20 

440 

38 66 

r 1 with 3 

2,25 


3 

Writing 

16 

—22 00 

4399 J 

1 2 with 3 

1 89 

B3-I 

1 

Men 

Speech 

23 

—38 72 

4+881 

1 with 2 

—1 96 


2 

Speech ^Writing 

18 

—10 34 

46.82 

V 1 with 3 

—ass 


3 

Writing 

23 

— 6 00 

4200j 

1 2 with 3 

— ,31 


1 

Women* 

Speech 

17 

—20 18 

20 20 1 

1 1 with 2 

—1 41 


2 

Speech & Writing 

20 

— SOO 

42 85 

y l with 3 

^.61 


3 

Writing 

16 

26 44 

35 35. 

J 2 with 3 

—2 41 

B4-D 

1 

Men 

Speech 

23 

78 43 

41.96' 

1 1 with 2 

2 70 


2 

Speech & Writing 

18 

34.00 

49 52 

> 1 with 3 

4 09 


3 

Writing 

23 

20 20 

53.87. 

) 2 with 3 

1 16 


1 

Women 

Speech 

17 

24 80 

45 37 

] 1 with 2 

126 


2 

Speech & Writing 

20 

3,50 

57.40 

> 1 with 3 

211 


3 

Writing 

16 

— 2,56 

27 52. 

J 2 with 3 

,42 
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ajicl dominance, and with icgaid to women in ncuiotic tendency and 
self-sufficiency The scoies of subjects who use both speech and 
writing to communicate with the hcaiing fall between these two 
extremes. 

These findings give use to the question whether training in speech 
has pioduced behavior traits leading to relatively low scores in neu¬ 
rotic tendency and introversion and to high scares in self-sufficiency 
and dominance, or whether persons possessing tlicse traits are more 
likely to put their speech training to use. A sciutiny of tlic data 
suggests tliat the speech gioup, particularly miiong lueii, iias had n 
somewhat greater advantage m acquiring speed) than the group de¬ 
pending primal ily on methods other than speech to commumcatc 
with the healing Diffcienccs in the mean chionological age of sub¬ 
jects employing the various methods of communication arc for the 
most part slight and not consistent, The aveiagc age of becoming 
deaf, however, is definitely higher for the groups employing speech 
□r speech and writing than for the group depending on writing 
alone Thus, the average age at becoming deaf for the men of the 
speech group is nine years and for the women seven years. In the 
group which communicates with the hearing by a combination of 
speech and writing, the average age at becoming deaf is six years 
for men and ten for womenj whereas it is two and three years 
respectively for the men and women of the writing group. This 
writing gioup, therefore, has never learned language in a natural 
manner in childhood. The majority is made up of those who were 
born deaf, and then personality traits may be influenced bv this 
factor, 

With legard to educational status, differences among the groups 
of men and women aie less consistent. Among men, 83 per cent 
of the speech gioup, 50 per cent of the speech and writing group, 
and 39 per cent of the writing group have been to college. Of the 
women, 47 per cent of the speech group, 50 pci cent of the speech 
and writing group, and 63 per cent of the writing group have been 
to college. Hence there is a greater tendency to employ speech on 
the part of those men who have attended college than those who 
have not The icverse is true for women, a slightly greater pro¬ 
portion of those who employ writing have attended college than 
those who employ speech and writing or speech alone 
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It appeals then that the deaf subjects who communicate with the 
hearing by speech or by speech and wiiting obtain not only better 
scores on the personality invcntoiy than subjects who employ writ¬ 
ing, but also they have lost their hearing considerably later in life. 

In response to the question "How do hearing people cominurn- 
cate with you^” IS pel cent of men respond with "speech," 41 
per cent with "speech and wilting,*^ and the remaining 41 per cent 
with "writing Of the women 29 pei cent state that hearing people 
communicate with them by speech, 40 pei cent leport speech com¬ 
bined with writing, and the lemaining 31 per cent report wilting. 
Eight men and five women mention the manual alphabet or signs m 
various combinations with other methods. Their scores extend 
over a wide range, but in view of their small number the statistical 
results for them have not been included* 

A similar tendency in the mean scores of these gioups may be 
observed liere (Table 8) as in tlie scores of subjects classified on 
the basis of their method of communicating with the heaiing Sub¬ 
jects with whom the hearing are reported to communicate by speech, 
score on the average as emotionally better adjusted, as less intro^ 
verted, and as more dominant and more self-sufficient than subjects 
with whom the hearing communicate by writing cither entuely or 
in part. 

It will be noticed, however, that this tendency is in geneial more 
cleat cut for men than, for vromen* Deaf men who report that 
the hcaung communicate with them by speech average consistently 
better scores than subjects with whom the hearing communicate by 
speech and writing, and they in turn have higher average scores 
than the men with tvhom the hearing communicate by writing alone. 
Among women, the diJfeienccs between contrasted gioups are found 
with but two exceptions in a similai direction, A higher average 
score in self-sufficiency is obtained by the group with whom the 
hearing communicate by speech and writing than by the group de¬ 
pending on speech only Likewise, the group of women depending 
on writing only, scores slightly higher in dominance than the group 
resoiting to speech and writing. 

The question "Do you regard making friends with hearing people 
—easy, fairly hard, or very hard?" was included on the personal 
data sheet, in view of the commonly mentioned difficulty of the deaf 



R, PININER, I. S FUSFFLD, AND L. JIRUNSCHWIG 


321 


TABLE 8 

Comparison or Personality Test Scorp of Subjects on the Basis of 
Method of Communication Employed with Iiipm by Hearing Persons 


Test 

area 

Group 

Method 

of 

comiTiiinjcatioii 

N 

Mean 

SD, 

Gioups 

compared 

Diff 

s O ait, 

Bl-N 

1 

Men 

Speech 

10 

—91.90 

55 071 

1 with 2 

—2 45 


2 

Speech & Writing 

22 

—35 23 

71 27 

• 1 with 3 

—2.77 


3 

Writing 

22 

—27 55 

7181 J 

2 ith 3 

— 36 


1 

Women 

Speech 

13 

—27 88 

36 02] 

1 with 2 

— 85 


2 

Speech & Wilting 

18 

—13 67 

56 35 

1 with 3 

—2 95 


3 

Wilting 

1+ 

25 93 

57 17 J 

2 with 3 

—1.90 

B2-S 

1 

Men 

Speech 

10 

«0 90 

41.7+] 

1 with 2 

193 


2 

Speech & Writing 

22 

30.27 

41 47 

' 1 with 3 

2 82 


3 

Writing 

22 

14,27 

46 62 J 

2 with 3 

120 


1 

Women 

Speech 

13 

2.00 

5643 ] 

1 1 with 2 

— .52 


2 

Speech & Writing 

18 

12 50 

54 41 

\ 1 with 3 

.61 


3 

Writing 

14 

—10 86 

52 12 J 

1 2 with 3 

1,23 

B3-I 

1 

Men 

Speech 

10 

—49 60 

33,321 

1 with 2 

—2 48 


2 

Speech & Writing 
Writing 

22 

—13 64 

46 63 

1 with 3 

—2.78 


3 

22 

—10 37 

44.13 J 

2 with 3 

— 24 


1 

Women 

Speech 

13 

—15 23 

19 30' 

1 with 2 

.75 


2 

Speech & Writing 

18 

— 8 33 

31 86 

* 1 with 3 

—3,28 


3 

Writing 

14 

23.50 

3940, 

2 with 3 

2.46 

B+-D 

1 

Men: 

Speech 

10 

86.20 

39 07' 

1 with 2 

2 73 


2 

Speech & Writing 

22 

43 32 

45 48 

1 with 3 

3 41 


3 

Writing 

22 

28 IS 

5+86. 

2 with 3 

99 


1 

Women. 

Speech 

13 

15 73 

41,97 ■ 

1 1 with 2 

85 


2 

Speech Sc Writing 

IS 

1 n 

53 94 

[ I with 3 

85 


3 

Writing 

14 

4 00 

28 05. 

1 2 with 3 

— 20 
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to establish and maintain enjoyable social lelations with the hearing 
Only cl small nunabei of cases respond with the leply “very hard'’ 
As the inventory scoies of tlus gioup do not differ to any noticeable 
extent from the scores of the group responding with “fairly hard/’ 
the subjects of these two groups were combined and their mean 
sCQrcs complied with scores of the gioup responding with ''easy'’ 
Fifty-five per cent of the men report making friends with the hear¬ 
ing as easy and 4-5 per cent as faiily hard oi veiy haid. Women 
are equally divided in these two groups Xlic mean scores of each 
of the groups and the difference between them in the four test areas 
are sliown m Table 9 


TABLE 9 

Comparison of Personauit Test Score of Subjects on the Basis or 
Reported Ease of Makino Fribnos with Hearing Peopi.e 


Making friends with hearing people 
Test Easy Hard 


aT«a 

Group 

N 

Mena 

SI>. 

N 

Mean 

SD 

® ^ r/, 

Bl-N 


Men 

3S 

—64 32 

77.25 

31 

—32 S6 

65,35 

—1 85 


Women 

28 

—18.14 

49 41 

28 

4 25 

66 61 

—1 43 

B2-S 


Men 

38 

45 47 

49.08 

31 

11 50 

48 80 

2.87 


Women 

28 

9 64 

6075 

28 

— 53 

44 30 

72 

BM 


Men 

38 

—28 0« 

+7 38 

31 

—U 3+ 

43 06 

—1,26 


Women 

28 

— 4.93 

29,21 

28 

443 

45,69 

— 91 

B4-D 


Men 

38 

68 3S 

52 80 

31 

24 50 

45 38 

3 71 


Women 

28 

24,36 

48 29 

28 

7 43 

40 00 

143 


Subjects of both sexes who repoit eab-e in making friends with hear¬ 
ing persons score as less neuiotic and intiovcited and as more self- 
sulHcicnt and dominant than subjects who indicate some difiiculty 
in making filends with hearing people For women, differences in 
scoic between the two gioups are relatively slight, for men they 
arc moie pionounced Men responding with “easy,” score as de¬ 
cidedly mme self-sufficient and dominant than men responding with 
“hard.” 

In general, these comparisons present a faiily consistent picture, 



R. PINTNFR, I, S lUSTKLD, \ND h JlRUNSCmVIO 


323 


Individuals who communicate with the hearing chiefly by speech 
and who make friends readily with the heaiiiig score as emotionally 
bettei adjusted and as more sclf-sufRcient and dominant than deaf 
persons wlio resoit to other methods of communication or who do 
not find it easy to make friend^ with the hearing. 

In this connection it is interesting to note that of the deaf sub¬ 
jects who communicate with hearing persons principally by speech, 
52 pci cent of the men and 67 pei cent of the women find it easy 
to make fi lends with hearing people. Among the deaf not depend¬ 
ing in the mam on speech in their relations with the licariiig, 50 
pci cent of the men and 43 per cent of the women respond with 
”casy That is, the proportion of deaf subjects wlio communicate 
with the hearing by various combinations of speech and writing 
and who find it easy to make fiiends with the heaiing, is only 
slightly smaller than is this proportion among deaf cases depending 
for the most part on speech This would indicate that success in 
making filends with the hearing involves probably factors additional 
to a particular mode of communication, It is possible that differ¬ 
ences in personality adjustment play a part 

Analysis of Responses of the Deaf to Specific Test 
Qestions 

An analysis was made of the responses to those questions of the 
Bernieutcr Inventory which had been split into two parts—the first 
part of the question applying to the subject’s behavior in a given 
situation with hearing people, the second in relation with the deaf 
The percentage of deaf subjects responding with “yes,” “no,” 
and respectively to questions bearing on bchavioi when among 
the hearing and when among the deaf is shown in Tabic 10. Re¬ 
sponses reveal a persistent tendency for a larger number of both 
men and women to feel more uninhibited and at ease when with 
deaf companions than when with the hearing 

For Instance, only tliiee per cent of the men and 14 per cent of 
the women state that they arc troubled with shyness among deaf 
people On the other hand, 24 per cent of men and 47 per cent of 
women say that they are troubled with shjmess among the hearing 
Similarly, a smaller percentage of subjects are very talkative at social 
gatherings, take the responsibility for introducing people at a party, 
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TABLE 10 

Per Cent op Deap Sitojects Responding with "Yes,'* "No,” and 
Respegtivel\ to Questions Bearing on Behavior Among 
THE Hearing and the Deaf 


Inventory question 

Yes 

Men 

No 

? 

Yea 

Women 

No 

? 

24a. Are you troubled with shy¬ 
ness anaong hearing people? 

24 

68 

8 

47 

51 

2 

24b Are you troubled with shy¬ 
ness siinong deaf people? 

3 

90 

7 

14 

80 

6 

28a, Aie you very talkative at 
social gatherings of heating 
people? 

9 

83 

8 

14 

80 

6 

28b Are you very talkative at 
social gatherings of deaf 
people? 

41 

SI 

8 

47 

51 

2 

54a Do you often fee! lonesome 
when you are with hearing 
people? 

48 

42 

10 

65 

29 

6 

S4b. Do you often feel lonesome 
when you are with deaf 
people? 

8 

87 

5 

2 

90 

8 

87n, Do you take the responsibility 
for introducing people at a 
party of hearing persons? 

43 

32 

25 

45 

41 

14 

87b Do you take the responsibility 
for Introducing people at a 
party of deaf persons? 

70 

17 

13 

71 

19 

10 

94a. Do you ever take the lead to 
put life into a dull party 
among hearing persons? 

28 

58 

14 

25 

67 

8 

94b, Do you ever take the lead to 
put life into a dull party 
among deai persons? 

68 

25 

7 

61 

31 

8 

fUa, Do you keep in the back¬ 
ground at social affairs among 
hearing persons? 

44 

36 

20 

58 

35 

7 

118b Do you keep in the back¬ 
ground at social affairs among 
deaf persons? 

23 

68 

8 

24 

76 

0 


or take the lead to put life into a dull partY if hearing rather than 
deaf persons are involved. Likewise, keeping in the background 
at social affairs is reported more often in reference to social affairs 
among hearing persons than among the deaf. 

The most marked difference, however, is found between parts A 
and B of the question, "Do you often feel lonesome when you are 
with hearing (or deaf) people?" Forty-eight per cent of the men say 



R. PINTNER, I S 1USIEI,D, AND L. RRUNSCinVIG 


325 


to this question in lefereiice to liLaring people, but only eight 
per cent give a similai leply when rcfeinng to the deaf, among 
women this diffeicnce is even larger, the pciccntages being 62 and 2 
respectively. 

Summary 

A study was made of the personality adjustments of deaf adults 
by means of the Eernrcutei Penonaluy InventQiy, 

The Inventory was tried out on deaf college students and, in 
slightly simplified form, on deaf adults. In both cases there were 
indications that the Invenloiy furnished a valid measure of person¬ 
ality, particulaily in the traits of self-sufficiency and dominance. 

Results obtained from administering the Revised Inventoiy to 50 
deaf college students and to 126 deaf adults were analyzed 

Wlien compared with the norms supplied by Bern renter for hear¬ 
ing populations, the deaf scoic as emotionally more unstable, more 
introverted, and less dominant than the licaring Deaf college stu¬ 
dents and deaf adult men rate as less self-sufficient and the deaf 
adult women as more self-sufficient than corresponding hearing 
groups. 

Although some slight differences are found between the test scores 
of deaf and hypacousic groups, both of these groups in comparison 
with the normal heaiing, are more neurotic, more introverted, and 
less dominant. 

Among deaf adults, less amounts of neurotic tendency and intro¬ 
version, and more self-sufficiency and dominance are found to be 
associated with the occurrence of deafness in later childhood rather 
than at birth or in infancy, the use of speech for communication 
with the lieaimg rather than writing, and ease rather than difficulty 
in m.-iking friends wjth hearing people. The percentage of cases 
expeiiencmg difficulty in making friends with the hearing is only 
slightly larger for the group communicating with the Jieanng by 
writing than by speech 

Responses to those items of the Invenioiy which permitted the 
adult groups to discriminate between their reports of behavior in 
situations involving the hearing and the deaf respectively, indicate 
that more of the subjects reported feeling socially at ease when 
with deaf companions than when among the hearing 
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This geneial pictuie of the pcisonahty of the deaf, supplemented 
by the previous studies by Welles and Pmtner with the hard of 
hearing, seems to be more or less consistent It gives us confidence 
in the inventory as a whole and would seem to suggest its useful¬ 
ness in the psychological examination of deaf individuals. The 
picture shows us a gioup of individuals, suffering from a very severe 
sensory handicap, reaching almost the same levels of adjustment in 
daily life as are on the average attained by fully normal individuals 
The deaf are only slightly more emotionally unstable, only a little 
more intioveited and not quite so dominant as the normal hearing 
The deaf are not separated from the hearing by a sharp difference 
in their personality miike-up. The remarkable thing is, of course, 
that they are able to adjust so well, despite the severe physical handi¬ 
cap Their adjustment seems to be just about as good as that of 
the haid-of-hearing Can we say that a slight loss of hearing seems 
to be about as distuibing to the personality as a total loss? 

Another interesting suggestion arising fiom oui study seems to 
be that the later in life deafness occurs the more chance the indi¬ 
vidual seems to have of making noimal peisonality adjustments 
We know from many other studies by Pintner and others that the 
later in life deafness occurs the moie language will the deaf indi¬ 
vidual acquire. A better equipment in language leads to moie use 
of speech in later life and this means moic normal relations with 
healing individuals The more speech a deaf person can make use 
of, the more he is likely to feel on a par with his hearing fellows. 
Our data do not show that the teaching of speech makes for better 
adjustment. To show whether it docs or not would lequire a 
much moic claboiate expeninent All that our lesults show is that 
those who become deaf later in life and, theiefore, acquire language 
and speech more readily aie in general more like the hearing in 
their personality. Fiom all this it would seem to be a reasonable 
inference that speech helps the deaf to appioach neaiei to the hear¬ 
ing in their peisonality adjustments But we must not make the 
erior of supposing that it is only speech that does this, and there¬ 
fore make speech the be-all and the end-all of the education of the 
deaf. A more detailed study than our present one is requiied to 
disentangle the many factors in this complicated situation, 
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VISUAL DISCRIMINATION IN THE CAT V THE 
POSTOPERATIVE EFFECTS OF REMOVAL OF 
THE STRIATE CORTEX UPON INTENSITY 
DISCRIMINATION* 1 

Department of Psychologyj The Umvefstly of Rochester 


Karl U. Smith 


L Introductio?7 

In recent yeais numerous advances have been made in our knowl¬ 
edge of the lole of the cciebral coitex in the mediation of visually 
contioiled responses. Contrary to earlier mistaken beliefs it is now 
known that infra-human mammals are not made completely blind 
by the abolition of the cortical aieas concerned in vision The studies 
of Lashlcy (31, 32, 33, 34, 35, 38, 42), extending from 1920 up 
to the present day, and of Marquis (44)* in 1934j showed clearly 
for the first time that certain optic capacities, besides those involved 
in the pupillary and palpebial reflexes, still persist after extirpation 
of the striate areas. However, the nature of this residual function, 
the understanding of which is basic to more complete knowledge of 
the integration of visual processes within the brain, is as yet incom¬ 
pletely known. Accordingly, the attempt is made in the present 
study to secuie additional data relating to the effects of removal 
of the striate cortex on the measured visual capacity of the cat in 
intensity discrimination. 

II, Prior Investigations or the Functions of the Visual 
Cortex in Mammals 

The nature of the optic defects produced by removal of the visual 
cortex has long been of interest in scientific investigation Early 
studies of this sort were primaiily motivated by tJie attempt to 
understand the nature of the anatomical relations existing between 
the retina and the projection areas of the cerebral hemispheres, 

•Accepted for publication by Leonard Carmichael of the Editorial Board, 
and received in the Editorial Office on March 23, 1937 

^Preliminary reports of certain aspects of the present study have been 
given prevmusly by the writer (70, 74, 75} 
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sinJ, as is well known* the visual parts of the cortex were approxi¬ 
mately delimited by such study before the precise localization of this 
region was established by anatomical investigation 

Only secondarily weie early workers in this field concerned with 
the problem of analysis of the nature of special visual functions 
mediated by the cerebral hcniispheies Then methods of observation 
consisted mainly in noting whethei or not animals deprived of the 
visual areas could still make commonly observed responses such as 
avoiding obstacles, locating food, oi responding to movements of 
the c\periniciitei. As a result of the early work ol Munfc (SO) ann 
later tliat of Minkowski (47) and Shafei and Brown (65), it was 
clearly established that these reactions can no longer be elicited when 
the occipital lobes arc removed in the dog and in the monkey, 
Minkowski showed that these defects were maximal after extirpation 
of the stiiatc areas and that similar permanent disturbances could 
not be brought about by extiipation of other cortical areas. Ac* 
cordingly, these investigations laid the groundwoifc fer tlie belief 
that removal of the visual aieas in such animals ns the dog and 
monkey brings about complete and permanent blindness 

Not until the first published work of Lashley (31, 32, 33, 34) 
on intensity discrimination in the rat was the theory suggested 
that certain optic-capacities are mediated by the subcortical centers 
of the optic system, Piior to the work of Lashley, observations of 
the effects of cortical destruction upon gcneial visual reactions in 
rodents had been made by von Becliterew (4), von Gudden (21), 
Munk (50), and Ferrier (18), but the results of these studies weic 
not conclusive in icgard to cither their anatomical or psychological 
aspects. 

Lashley's experiments (31, 32, 33, 34, 35, 38, 42) upon intensity 
discrimination in the rat reopened the question of the functions of 
the cortex in vision, and in doing this they served to emphasize the 
need for a definite psychological approach to the undei standing of 
the central mechanisms of visually contioiled behavior That is, 
rather than dealing with vision in some general way as earlier 
workers had done, his studies were oriented toward the investigation 
of the neural control of measureable visual capacities, In conse¬ 
quence of such an emphasis, numerous comparable studies have been 
earned out vn the attempt to determine the role of the cortex and of 
the subcortical neural centers in the determination of different 
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Specialized visual functions These studies aie ciitically summarized 
below with reference to the separate headings indicated. 

1 Intensity Dtscrunwotion Lashlev’s eaily studies on intensity 
discrimination in rodents were directed toward the question of the 
retention of learned discriminative responses to lights of diffeient 
intensity after extirpation of various paits of the coitcx In four 
experiments Lashley (31, 32, 33, 34) found that, with complete 
bllatejnl removal of the visual cortex, the animals lost an intensity 
discrimination habit which was established piior to the operations 
Nevertheless, these operated animals could rclcain the habit wlien 
training was resumed The number of trials lequired to re-establish 
the habit was approximately equal to the number demanded in the 
preoperative training Lesions located outside tlie striate areas did 
not disturb tlie learned response With removal of only a part of 
the visual cortex, the response was temporarily abolished Under 
such circumstances, the number of trials required to relearn was 
found to be positively coirelated with the extent of the cortex re¬ 
moved in the striate regions (Lashley, 38, 42). 

In two later studie*j modihcations were made in the conclusion con¬ 
cerning the relation between degree of retention of the intensity dis¬ 
crimination habit and extent of destruction in the stiiate coitex. A re¬ 
ap alysis of pievious data (Lashley, 38) tended to show that the 
correlatjoii applied only to the lateral aspect of the striate areas 
(the region necessary for pattern vision) so that if a part of this 
area was removed, oi if this part was included in a more extensive 
extirpation of the striate cortox, the degree of retention was a func¬ 
tion of the extent of the cortex destiovcd More recent experiments 
with lesions confined cntirelj^ to the visual cortex have been reported 
by Lashley (42), The extent of the cxtiipations ranged from small 
restricted areas of destruction to complete removal of the striate 
cortex. In this study the con elation between the measured mag¬ 
nitude of the destruction and the retention of the intensity dis¬ 
crimination habit was practically as high as that found in earlier 
s^tudies, However, when the animals weie classified according to 
the extent of secondary degeneration of cells in the lateral geniculate 
body, no significant coirelation between the magnitude of the de¬ 
generation and the retention of the habit seemed to be evident 

Whereas the earlier experiments bv Lashley (31, 32, 33, 34) were 
interpreted to show that the visual cortex functions in intensity 
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discrimination accoiding to its mass, the moie recent study (Lashley, 
42) is taken to indicate that this pait of the brain works in an 
“all-or-tione** way in the mediation of responses based upon differ¬ 
ences in light intensity. The fact that many of the animals with 
paitial lesions showed some loss in retention is explained by Lashley 
as follows: 

If cerebral lesions were the only factor m inducing differences 
in the postoperative retention scores, wc should expect to 
get n tri-modal distribution of acores* cases with no loss, cases 
with slight loss due to ^vrvblyopia in the residual visual fields, 
and cases with total loss But with the scores influenced by 
many other chance factors this grouping ia partly obscured, so 
that nn appearance of continuous vaiiation, somewhat m 
proportion to the extent ot the lesion is produced (p 60) 

The previous conclusion that the striate cortex exercises an influence 
over sub-cortical centers to a degree piopoitional to its area is 
said by Lashley to be definitely wrong in the light of the later studies, 
Further proof of the fact that all discriminative functions in 
vision are not mediated entirely through the cortical pathways of the 
optic system has been established in the studies of Marquis with 
the dog Marquis (44) has made use of a modified Yerkes-Watson 
discrimination appaiatus, the general features of which were in eveiy 
way comparable to the methods employed by Lashley, and as Lashley 
had also done, Marquis tested his animals under conditions in which 
illuminated test spots were presented against a dark surround. 
Two dogs which were trained prior to complete lemoval of the 
occipital lobes, temporarily lost but later relearned the discrimination 
habit aftei the operations The postopeiative relearning involved 
somewhat fewer trials tlian did the original preoperative learning. 
Two additional dogs, not tiamcd before complete extirpation of the 
visual cortex, demanded a few more trials to learn the habit than 
did normal animals. 

More lecentlv, Kluver (27) has been able to demonstrate that 
the monkey also is capable of visual learning subsequent to complete 
removal of the occipital coitcx Using techniques somewhat different 
from those employed in the studies of Lashley and of Marquis, he 
found that one monkey with complete removal of the striate areas 
could be trained to respond to differences in the level of illumination 
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in the experimental room or to differences in the luminous intensity 
of two small boxes placed outside the animars cage. 

The studies of Lashley (31, 32, 33, 34) raised the question as to 
whetlier or not the capacity for intensity discrimination m animals 
lacking the visual cortex is comparable to that in the normal animal. 
An attempt was made to answer this query m additional experiments 
with lats (Lashley, 37) in which the threshold of intensity dis¬ 
crimination was determined after vaiying degrees of dcstiuction 
in the striate areas Normal animals discriminated the brighter 
of two lights until the ratio between their intensities was reduced 
to approximately 1.5 The lats needed no added training as the 
intensity ratio was decreased Operated animals, however, required 
added training at each change in the ratio of the two lights and 
showed rather marked increases in threshold values Lashley con¬ 
cluded that the threshold loss in these animals was roughly pro¬ 
portional to the extent of the lesion 

Marquis (44) determined threshold values for intensity dis¬ 
crimination in foiii dogs m relation to complete removal of the 
occipital lobes He failed to find marked threshold changes after 
the opeiations, and holds that the threshold of light discrimination 
IS only slightly affected by removal of the occipital lobes. In addi¬ 
tion, the postoperative thresholds in animals which were trained 
and tested prior to the operations were found to be about the same 
as those which were not trained and tested until after the operations 
had been carried out. 

Other experiments on the effects of removal of the visual cortex 
upon differential reactions to light intensity have been reported 
Marquis (45, 46) found that reflex closure of the eyelids can be 
conditioned in dogs and monkeys following complete extirpation of 
the occipital lobes, The results of the experiments showed, in 
general, that such responses are not significantly modified by this 
operation Ten Cate (13), however, failed to secure conditioned 
responses (approach to the door of a cage for food) to a bright 
light in dccoiticate cats or in cats lacking the visual areas, but 
Culler and Mettler (16) and Poltyrew and Zeliony (58, 59) 
report simple conditioned reactions to changes in visual intensity 
in decorticate dogs 

The exact nature of the subcortical neural mechanisms which 
mediate discriminative responses to differences in light intensity are 
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incomplete!V known. Freeman and Papez (20) showed that per- 
maiient defects in intensity discrimination could not be brought about 
bv injuries to the superior colliculi m rats, and Layman,^ as le^ 
ported by Lashley (42), found that an intensity discriinination habit 
could be recstabljslied in rats after combined mjuiics to the superior 
colliculi and the optic thalamus, 

Lashley’s iccent expeiinients (42) have contributed additional data 
concerning the effect of lesions in the supeiior colliculus and in the 
optic tlialamus upon intensity discrimination. Animals with complete 
removal of the area striata and with unllateial distribution of the 
optic tracts beyond the external geniculate body lost the ability 
to discriminate diffcicnees m light intensity but relearned the habit 
in about twice the number of trials xequired in the initial training 
Animals with removal of the stiiate cortex, in conjunction with 
partial destruction of the optic tracts on one side and complete mter^ 
ruption of these tracts on the otliei, lelcarned the habit but did not 
respond as consistently as did those with injury to the tracts on only 
one side Animals with removal of the striate cortex, in conjunction 
with complete bilateral interruption of the optic tracts above the 
external geniculate body, lost the habit and could not relearn it. 
According to Lashley (42), these results would seem to show that 
the superior colliculus and optic thalamus contain pathways which 
are of primary importance m the mediation of the intensity dis¬ 
criminations, although it is impossible to deteiminc the relative im¬ 
portance of either of these centers alone since fibers passing to the 
colliculi cannot be destroj^ed without mjuiy to the optic thalamus, 

2 Pattern Dtsalmhiatton* In additional experiments, Lashley 
(37) investigated the effect of cortical ablations upon pattern vision. 
All observations weie made under conditions of high illumination* 
The results of the investigation showed, as did those of a later 
similar experiment by Lashley and Frank (43), that pattern vision is 
permanently abolished by elimination of the cortical pathways m 
the optic system. 

The immediate conclusion fiom the experiments of Lashley (37) 
and Lashley and Frank (43) was that the visual cortex functions 
as a nccessarj^ component in the mechanism of pattern discrimina- 

^Siiice this was written, a report of this work has been published by Lay¬ 
man. (Layman, J B , Funcuons of the superior colliculi in vision J Genel 
Psychol, 1936, 49, 33-47) 
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tion Lashlcy (+2), howevci, has made certain reservations re¬ 
garding sucli a theoiy since he was able to demonstiate some icsidiial 
visual discrimination based upon tlie position of masses of light 
after removal of the visual coitex in the rat The fact tliat lodents 
possess the ability to lespond to patterned diffeiences in visual stimu¬ 
lation aftei mteiiuption of the cortical connections of the optic 
pathwaj's has also been brought out the experiments of van Herk 
and Ten Cate (22) and Ten Cate (14) These investigators ob¬ 
served that two 1 abb Its with removal of the visual coitcx could still 
be tiained to appioach and obtain food when a food plate was pre¬ 
sented before them. They also found that the animals recovered a 
certain degree of visual ability in responding to othci types of pat¬ 
terned visual stimulation. 

No compiehcnsive tiaining studies on pattern disciimination after 
complete removal of the occipital lobes have been cariied out with 
mammals higher than the rodents The early studies of Bechterew 
(5) and Minkowski (47) showed that the ability of dogs to respond 
visually to pieces of food held before their eyes is abolished, but their 
studies did not involve tiaining methods. Similarly, Bard and 
Onas (2) observed that visual placing reactions of the forchmbs 
are permanently lost as a result of extirpation of the striate areas in 
the cat The piesent wnter (73, 78) has observed these reactions 
of the cat under many different stimulating conditions, in winch 
striated patterns of different size and illumination were employed. 
Evidence was obtained that tlicse reactions were permanently lost 
under all conditions of stimulation after complete extirpation of the 
striate areas. 

Other invcstiga|;ions which have been earned out on pattern dis¬ 
crimination in mammals other than rodents have been incomplete in 
many details Rizzolo (64) has reported a high dcgice of acuity for 
the discrimination of stiiated patterns in the dog aftei excision of 
the occipital lobes, but he presents no proof that the operations in¬ 
volved all of the optic cortex Kluver (27) carried out observations 
on pattern vision in one monkey after complete occipital lobectomy 
In testing this animal Kluver made use of a rather complex response 
in which the animal was required to locate the position of a lighted 
box that was associated with food. No differential responses wexc 
found after the operation had been earned out 

The effect of extensive destruction of the occipital coiccx upon 
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pattern vision in primates has also been studied by Spence and 
Fulton (79). They failed to find evidence for the discrimination 
of horizontal and vertical lines after almost complete destruction of 
the stiiatc areas in the chimpanzee. The animal used in their ex¬ 
periment was tested after each of two stages of an operation which 
involved all visual cortex except the area of the projection of the 
temporal crescent of the right retina upon the right hemisphere After 
the first operation it was observed that there was a 5 to IS per cent 
decrease in the ability of the animal to respond to the lines, but 
with the second opciation, m which the striate cortex of the light 
hemisphere was lemovcd, the animal could no longer be made to 
discriminate the striated patterns 

Along with his studies on Intensity discrimination, Marquis (44) 
45 ) was conceined also with the understanding of other effects 
pioduced by removal of the occipital lobes in the dog These 
defects, many of which wcie observed by early investigators m this 
field, consisted mainly m the failure to respond to threatening or 
friendly gestures, the inability to avoid obstacles without coming into 
direct contact with them, the failure to find food efficiently, etc. 
Since the dogs used by Marquis could discriminate light intensities 
almost as well as normal animals under certain conditions of illum¬ 
ination, he assumed that this capacity existed under all conditions 
of general illumination and that factors other than disturbances of 
intensity vision were responsible for biinging about the defects 
mentioned, These defects he characteiized under a single term 
called ‘'object*’ vision, which he states consists in tlie response to 
the spatial characteristics of the stimulus, its position, distance, 
pattern and size According to Marquis, removal of the visual 
cortex 111 the dog abolishes such object vision wheieas the ability 
to discriminate differences in light intensity remains undisturbed 
In postulating this ciitical division or independence between the 
neural mechanisms of light discrimination and object vision, Marquis 
(44, 45) also takes; mto con<^ideration ccitain diffeiences in the 
effects of removal of the striate areas m different animals The 
differences emphasized by him are those apparently existing be¬ 
tween rodents and higher animals in regard to pattern and “object** 
vision. Evidence obtained from studies seemed to show that there 
IS some degree of pattern and object vision in labbits after removal 
of the visual cortex, while in higher mammals, according to Marquis, 
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this capacity is abolished bv similar operations IVIarquis also be¬ 
lieves that there are significant differences between infradmman 
mammals and the human individual with respect to the effects of 
removal of the visual cortex upon light discrimination, This belief 
is based upon data taken fiom a number of clinical cases which gave 
evidence of total loss of vision, including light vision, after complete 
bilateral destruction of the calcarine coitcx. 

In the view of Maiquis (44, 45), these differences m the effects 
of extirpation of the visual coitex in diffcicnt mammals repiesent 
a phylogenetic change in the neural mehanisms of vision, in which 
the striate cortex becomes progressively more important in tlic 
mediation of object vision and light discrimination In rodents, for 
example, pattern or object vision is mediated m part by the superior 
colliculus and othci subcoitical mechanisms, as well as by the 
coitcx, but in carnivora and higher mammals this function has been 
shifted entiicly to the visual areas A siimlai ^^cncephalization** or 
**corticahzation** (Dussci dc Barenne, 17) is said to take place with 
respect to intensity discrimination m the case of man. The main 
anatomical evidence cited by Marquis which he believes can be 
pointed to as a coi relate of the cncephalization of visual function 
within the mammalian scries is that brought out In the studies of 
Brouwer and his collaboiators (8, 9, 10, 11) Overbosch (as cited 
by Brouwer, 8) was able to show that an orderly projection of the 
retinal quadrants upon the supeiioi colliculus can be found in 
rabbits, but no such discrete correspondence between the retina and 
the superior colliculus was observed by Brouwer and Zeeman (11) 
in the cat and monkey Brouwer (8) states, however, that some 
evidence for an orderly auangement of visual fibcis in the superior 
colliculus was brought out in the experiments with the monkey. 

3 Movejnent Discftnnnaiton. There is available at the present 
time no clcar-cut evidence concerning the relation between cortical 
function and movement discrimination, and it is not known whether 
or not the data presented above in connection with pattern vision 
apply also to the case of the disciimmation of moving patterns, 
Pavlov (53) describes experiments of Koudrin m which a conditioned 
differentiation between, moving and non-moving luminous patterns 
was established in a dog after removal of the occipital lobes, but 
Pavlov’s description of these expciiments makes it impossible to form 
any definite conclusions concerning the cortical mediation of move- 
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mcnt discrimination Similailv, results of Kennedy and the present 
wiitci on cats (26) do not peimit anv final judgment as to ivhether 
or not 1 espouses to moving stimuli can be established after extiipation 
of the striate aieas. In these expeiiments, thresholds of leal move¬ 
ment disciimiiiation wcie detcimined in thiee cats befoie and after 
incomplete bilatcial lemoval of the striate aieas. In all three ani- 
mals> a part of the visual cortex bordciiiig the Sulcus splenialis was 
left intact It was obseived after the opeiations that the thresholds 
■of all thice animals wcie significantly Incieased, although disciimina- 
tivc responses could he secuied consistently at the Ingher movement 
speeds, A moie recent pielirainaiv repoit of similai woik by 
Kennedy (25) upon animals piesiimably possessing complete ex¬ 
tiipation of the striate areas piesents evidence for rudimentary types 
of pattern and movement disci imination in the cat aftei such 
operations, 

Although present knowledge of the coitical mediation of learned 
responses based upon movement stimulation Is incomplete, there 
is some evidence that removal of the visual cortex in mammals such 
as the cat does not abolish compensatory head and eye movements, 
which are made in response to moving striated patterns (Smith, 73, 
76, 77) Observations of this sort, besides giving evidence for 
the mediation of responses to pattern differences by the subcortical 
neural mechanisms of vision, also seem to indicate a possibility of 
establishing learned lesponses to moving stimuli in the cat after 
removal of the occipital lobes The subcortical neural mechanisms 
of the ocular reactions in the cat definitely seem to be capable of 
mediating responses of the ej^es and liead to moving stiiated pat¬ 
terns,^ 

4. Size Disciiminaitvt} The effects of lemoval of the visual 
cortex upon size disci imin at ion have been studied by Lashley (3*^) 
and Kliivei (27) Using lats, Lashley observed that two visual 
stimuli of equal intensity but of unequal size could be discriminated 
by animals aftei all striate cortex had been destroyed However, 
when the total luminosities of tlie two stimuli were equated, keep- 


^Similar views concerning the discnmination of stationary striated pat¬ 
terns have recently been advanced by Lashley on the basis of experiments 
with rats Unpublished data secured by the wntei also indicate the pres¬ 
ence of residiinl capacities in the discrimination of stationary lines in cats 
hclcing the stnate areas 
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ing the sixe diftcicnces constant, the animals could no longer be 
trained to make disciiminativc responses Similar results have been 
reported by Kluver in expeiiments with a monkey in which the 
stnate aicas weie destioycd, 

5 Color Disuimmaiion Franz’ investigations (19) of color 
sensitivity in the moiikcv constitute the only available cxpciimcntal 
work bearing upon the coitical mediation of learned disciimmativc 
responses to wave-length differences in iiifia-human mammals Franz 
hud one animal in which most of the calcarine cortex was destroyed 
Along AVitli othei observations he noted that the aniinal’s ability 
to disciiininate diffeicntlv coloied pieces of bread was lost and could 
not be iccstabljshcd Othci animals with lesions confined to the 
doisal suifaces of the occipital lobes could still react disciimmatively 
on tlie basis of visual cues in the selection of the coloicd pieces of 
biead Experiments by Kluvci (27) witli one monkey, in which 
the occipital lobes weie almost completely destiovcd, have been taken 
to show that such an operation may influence the effectiveness of 
ceitain spectral colors according to their visibihtv 

6 Tempoially Detennwed Disa wunntion Up to the present 
time, the relation between cortical function and flicker discnmina- 
tion has not been investigated, nor have studies been made of other 
diffeiential responses based upon temporal variation in the stimulus. 
Fuithermore, the expeiimental work already carried out in connec¬ 
tion With other special visual functions seems to establish no adequate 
basis for inferences concerning the cortical mediation of temporally 
determined reaction in vision 

7. EMra-visual Functions of the Stnaie Corte^* In addition 
to possessing the special visual functions described above, the striate 
areas aie involved to some extent m the maintenance of activities 
whose afferent coiitiol is not of visual origin Tsang (82), for 
example, has shown that m lats, in which the eyes weie removed at 
an caily age, extirpation of the stiiate areas at a later age induced 
maiked defects in the letention of a learned maze habit. Similarly, 
Kieschcvsky (29, 30) has shown that preferential responses in an 
insoluble problem situation may be ch.angcd bv destruction of brain 
tissue involving the striate aicas 'These studies may be considered 
as significant in evaluating generally the results secured on ablation 
of the occipital cortex, since they prove that pait of tlie disturbance 
obseived after this operation js not entirely attributable to a strictly 
visual deficit. 
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III Problems 

The investigations cited above laise numerous unsolved questions 
concerning the functions of the mammalian visual cortex. It is 
believed that certain of these pioblems may be approached by the 
study of defects following removal of the striate cortex la the cat. 
At the present time, sucli a study Ims particular reference to the 
following mam questions, («^) What lelation exists between the 
extent of destruction in the striate cortex and the capacity to dis- 
criminate differences in light intensity? (b) Does removal of the 
striate areas aftcct intensity discrimination equally at different levels 
of general illumination (intensity suiround of the diffciential 
stimuli)? (f) Docs lemoval of the striate areas affect intensity 
disciimiiiation equally at diffeient intensity levels? {d) To what 
extent ate defects in intensity disciimination involved in the general 
visual deficit produced by cxtnpation of the stiiate areas? 

IV Methods and Results or the Present Investigation 

1. Behavior Methods A lever discrimination apparatus, which 
I^as been described elsewhere by the writer (66, 69) was employed 
in the present experiments (Figure I) This apparatus, found in 



FIGURE I 

Tnr. Discrimination Apparatus 

A, lever, D, door, E, shelf, F, latch, G, master latch, H, lever support] 
I, spring] K, ventilating screen, L, light; M, metal tube; N, movable 
support for light. 

previous studies to be well suited for the study of visual acuity 
(67, 77), pattern vision (68, 71, 72), flicker discrimination (23, 24), 
and movement vision in the cat (25, 26), is modified in the present 
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investigation in order to permit tlie presentation of visual stimuli 
varying only in intensity* 

The apparatus consists of a small box, 29 cm. long, 28 cm 'vvidc, 
and 33 cm. high, painted flat black A door (Z)), a wooden frame 
1,9 cm wide, swings inward by means of springs attached to its rear 
side Its front side is fitted with grooves into which fiosted glass or 
caids beaiing various types of visual stimuli may be easily inserted 
01 removed. The latch of the door is controlled by a metal lever 
extending from inside the box, and terminating in a hi ass plate of 
a size ample to accommodate the paw of the animal The cat 
obtains food placed on the shelf (Z) by depressing tlic level and 
tlirusting Its head and forebody through the aperture of the opened 
door 

A filter holder is mounted over an aperture, 10 cm by 12 cm., 
cut in tile rear panel of the box. This holder is constructed to 
permit the insertion of two 4x5 photographic filters, which when 
inserted m their places do not allow stiay light to pass inside the 
disci 1 mi nation box. A diffusing screen is mounted on the otlicr 
side of the aperture in order to aid in spreading the light inside the 
front part of the apparatus. The inside of the apparatus is painted 
white* 

Extending backward from the box and centered over tlie small 
aperture is a metal tube 20 cm. m diameter and 90 cm. long, 

which contains the light (L), a 200-watt lamp, that is supported at 
the center of the tube by the metal brace (AT). A ventilating screen 
IS arranged to fit the end of the tube, as shown in the diagram 

In the experiment, two of such boxes arc placed on runways, 5 
cm wide, which extend outward from the end of a long runway 
table (Figure 2) The runways and the tabic are both 60 cm. 
high. The fronts of the two boxes are located 50 cm away from 
the end of the table, and their centers are separated by an equal 
distance. 

A restiaining cage of suitable size is placed at the other end of 
the runway table Its front side contains a sliding door which is 
contioiled by the cxpcrimentei from a position at the rear of the 
experimental room. 

The subject, upon release from the restraining cage, walks along 
the table and one of the runways and depresses the lever on one 
of the discWmination boxes EJectneal punishment for an incorrect 
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FIGURE 2 

The Arranclment or the Discrimination Boxes During the Experiment 

response may be administeied through coppei-wiie grills placed on 
the lunways and galvanized-iion flooring coveting the end of the 
table. This arrangement of the electiodes of the electrical circuit 
giving the shock requires that the animal make the discrimination 
at the end of the runway table 

The animal is first accustomed to the experimental situation by 
preliminaiy feeding in the appaiatus Tiaining in depressing the 
levers of the discrimination boxes is begun when the cat learns to 
leave the restraining cage and go diicctly to the opened boxes in older 
to secure food. Aftci the habit of manipulating the levers is thor¬ 
oughly established^ tialning with visual stimuli is begun by present¬ 
ing lights or caids of different intensity in the doors of the dis¬ 
crimination boxes Each animal is given a scries of 20 tiials per day 

2 Opeidtive Ptocedtne and Remarks Qoncernmg the Central 
Visual System of the Cat The extent and chaiacter of the visual 
cortex in the cat (Figure 3) was first described by Campbell (12), 
whose findings m the main have been confiimed by most subsequent 
investigators (Aloiif, 1; Brodmann, 7, Koppen and Lowenstein, 
28; Minkowski, 48; Winkler and Potter, 83), This region of 
the coitex covers the posterior part of the Gyrus lateralis and all 
of the Gyrus lateialis posterior on the dorsal surface of the brain. 
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The VisuAi Cortex of the Cat 
(Redrawn from Campbell) 

Medially, the area includes the Gyius supia-splenialis along its 
entire extent as well as a part of the Gyrus splenialis 
The relations of the striate cortex to the external geniculate body 
in the cat has been investigated by Barns (3), Minkowski (48, 49), 
and Poliak (54). As shown by Minkowski, the ganglion cells 
of the external geniculate body degenernte following complete ex¬ 
tirpation of the stnatc areas Minkowski also sliowed that the 
binocuar portion of the external geniculate body (le, that region 
receiving fibeis from the parts of the two retinae overlapping in 
binocular vision) is pi ejected upon the posterior poitioa of the 
striate cortex in the cat's brain. 

The external geniculate body in the cat has been described in 
detail by Thuma (81), while the lelations of the nucleus to fiber 
tracts and other cerUeis of the visual system have been investigated 
by Rioch (62, 63). Accoiding to the work of Ovcrbosch, whose 
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results are summarized by Brouwer (8)» the retinal quadrants and 
the binocular regions of the retina aie projected in an orderly 
fashion upon the external geniculate body In general the anatomical 
results concerning the projection of the retina upon the external 
geniculate bodv and upon the stiiatc cortex in the cat seem to 
follow in almost all details similar data obtained with othei mam¬ 
mals (Lashley, 40, 41; Putnam and Putnam, 61; Biouwer, 8, 

10, Broiiwei and Zeeman, 11, Poliak, 55, 56, Poliak and Havashi, 
57) 

The relations between the stimtc cortex and other projection 
centers of the optic system in the cat have been described in part by 
Bariis (3), Minkowski (48, +9), and Poliak (54) Bains has 
shown that there is sccondaiy degeneiation of cells m the superior 
colliculus after lesions in the striate areas, and Minkowski states 
that removal of the striate coitex brings about a not insignificant 
extent of degeneiation m the superior colliculus In the monkey, 
Poliak (55) failed to find evidence for direct corticofugal connections 
between the stiiate cortex and the superior colliculus The nature 
of the projection of the retina upon the superior colliculus in cats 
IS not clearly understood, Brouwer and Zeeman (11) obtained 
no evidence for discrete areas of degeneration in the superior collicu¬ 
lus after lesions of the retina in cats. They did find, however, that 
lesions of the retina m noonkeys produced localized areas of de¬ 
generation (Brouwer, 8) This fact seems to suggest that, in 
primates, the mid brain retains some of the importance as a primary 
projection center that it is known to have in lower vertebrates 

Althougli lacking in completeness, current undeistanding of the 
central visual system in the cat is sufficiently advanced to serve as 
an adequate basis foi further investigations of the functions of the 
brain in relation to the visual capacity of this animal. Further 
significance of the facts just cited to the present investigation will be 
pointed out below. 

In the present experiments, partial and complete bilateral re¬ 
moval of the striate cortex was earned out on 12 animals under 
thoroughly aseptic conditionSt All operations except that on one 
animal were performed in one stage by the aid of Nembutal (Pento¬ 
barbital sodium, 0,75 cc. per kilogram weight) anaesthesia. After 
adequate exposuie of the occipital lobe through an opening under 
the temporal muscle, the striate cortex and surrounding tissue were 
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partly excised by a thermocauteiy, and thereafter dissected out intact 
by means of a blunt spatula and dissecting forceps. The wound was 
tiglitJy closed by suturing the temporal muscle, the supeiiicial muscles, 
and the skin 

Following the testing ol letesting of the animals in intensity dis- 
crnnmation and other types of visually conti oiled behavior, the 
animals wcie immediately killed and the brain fixed in 10 per cent 
formalin by peifusion through the caiotid aitones. After removal 
fiom the cranial cavity, the brain was washed in water and tlieicaftcr 
dehydiated in alcohols It was then embedded in ceJJojdin and 
cut in complete fiontal sections, 60 mm in thickness Every tenth 
section thioughout the brain and every othci section through the 
external geniculate body was stained with thionin and mounted 
individually on slides These piepaied sections were latei enlarged 
and diawings made of each section, which were used as a means 
for judging the relative extent of the lesion. In some of the animals 
with extensive destruction of the striate areas, a complete investiga¬ 
tion of tlic extent of cell degeneration in the lateral geniculate body 
was carried out. 

The nature of the operations as viewed from the dorsal and 
medial sides of the brain can be understood by reference to Figure 4, 
in which are shown drawings of the extent of the lesions as graphi¬ 
cally reproduced b}' tJie method described above. It will be seen 
from these diawings that in eight of the different animals the striate 
cortex was incompletely removed. In these eight cases the cortical 
destruction varied fiom restricted lesions in the posterior portion of 
the lateral gyrus to almost complete removal of this area. 

In foul animals (Subjects 17, 28, 29, 30) the striate cortex was 
completely removed as far as could be ascertained from observations 
of the extent of the lesions in the prepared sections. More complete 
anatomical controls of the extent of tlie cortical destruction in these 
and the other animals with extensive lesions was earned out, how¬ 
ever, by means of the determination of the extent of secondary cell 
degeneration in the lateral geniculate body In accordance with 
prior observations that the dorsal nucleus of the lateral geniculate 
body completely degenerates after extirpation of the striate region, 
a careful determination of the presence of ganglion cells in this 
nucleus was made in the animals with the more extensive lesions 
As far as could be ascertained, these observations showed that there 
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FIGURE 4 


was a complete absence of ganglion cells m the doisal nucleus of the 
external geniculate body in all four of the subjects As compared 
to the normal appearance of this jiucleus, there was an increase in 
number of smaller and more darkly stained bodies. In four of the 
other animals with extensive but incomplete Icsionsj the degeneration 
of cells witlun the dorsal nucleus extended ttiainLy over the medial 
and anterior portions of both of the geniculate bodies, 
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3 Subsidtaty Obsetvattons of Fisually CoiiiioUed Behavioi The 
animals with the moie extensive lesions were examined in detail 
cancel mug various aspects of visually conti oiled beliavuii besides 
tliat involved in the disciimination of light intensities All of the 
animals here designated as having complete destiuction of the striate 
coitcx gave deal evidence of defects in visual capacity which have 
been obscived by piioi investigators to be associated with removal 
of all striate cortex The animals failed to respond to any gestures 
or movements of the expcnmentei made within then field of vision. 
They would not fixate lighted objects oi surfaces moved toward or 
past tliem. Under conditions of daylight illumination objects sud¬ 
denly moved towaid or past their heads failed to elicit reflex closure 
of the eyelids They were unable to locate food quiclcly or effi¬ 
ciently when It was placed in then near vicinity and such an 
incentive could not induce them to chmb the sides of the cage or 
other elevated places Visual placing reactions of tlic forclimbs 
could not be elicited in any of the foiii subjects they were 

moved toward diffciently illuminated and patterned surfaces, and 
with the abolition of these leactions, the ability to jump from 
elevated positions was also lost, In addition, then ability to orient 
visually to obstacles lying in the path of progiession was abolished, 
except undci the special conditions of training and discrimination 
which will be descubed in connection with the presentation of the 
results on Intensity discrimination As far as could be ascertained 
these defects m visual control of typical responses were permanent 
m nature; i.c., they persisted as well marked as ever over the entiie 
period of six to ten months during which the aniinals were under 
observation. 


V Results 

1. Visual h}tensity Dtso immation m the NouJial Cat* Eefore 
proceeding to the presentation of results bcaiing upon the effects 
of removal of the visual coitex upon intensity discrimination it is 
first ncccssaiy to describe in some detail the nature of this capacity 
m the noimal animal. 

In the present study thresholds of visual intensity discrimination 
were determined in eight animals. Six of these animals were later 
used in connection with studies of the effects of jemovai of the 
visual cortex One of the remaining animals died bcfoic it could 
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be brought to the operation, while the other was retained as a 
laboratory subject for other purposes 

Eight threshold determinations on seven different animals (Sub¬ 
jects 7, 17, 18, 19, 20, 21, 22) were made under conditions m which 
the lights from the stimulus boxes were the only illumination present 
in the experimental room These ciicumstances of stimulation will 
be designated hereafter as the dark conditions Five of these de¬ 
terminations were made with the standard light set at an intensity 
of 0 48 millilamberts while three were secured at an intensity level 
of 50 4 millilambeita After a stable disciimination between the 
lights in the stimulus boxes had been established, the liminal ratios 
were ascertained by a modified method of limits. The threshold was 
considered to have been reached when the animal failed to dis¬ 
criminate 75 per cent of the time in 20 tiials during two consecutive 
20-trial periods at a given intensity level 

Table I presents the results secured on seven animals at the two 
diffcient intensity levels emploj^ed The single column to the left 
represents daily tual periods of 20 trials each, The column marked 
(i?) under the number of each subject indicates the different stimulus 
ratios employed as the diffeience between the two lights was re¬ 
duced, while the columns marked {%) show the percentage of 
correct responses made during that trial period The thieshold 
ratios of the different animals are given at the bottom of the table. 

Reference to the table will show that there is some variation In 
the threshold ratios obtained with the different animals. The 
lowest values were secured with Subject 17 at both intensity levels 
and with Subject 20 at the higher Intensity level, Subject 7 gave 
the highest latlo of 1 6. In geneial, the smallest intensity ratio 
discriminated by the animals at the low and at the high intensity 
levels varied approximately over the same range. Greater difficulty 
was encountered by the different subjects in transfen mg fiom one 
intensity ratio to a lower one as the thresliold value was reached. 

Tests were also carried out on one animal when the general 
illumination of the experimental room was raised by placing two 
parabolic reflectors contnming 200-watt bulbs 100 cm above the 
runway table and 200 cm back away from the stimulus boxes. 
In this situation the animal discriminated between Hermg grey 
papers, which were fixed on stiff cardboard and inserted into the 
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door of the cliscninlnation boxes A paper giving an intensity level 
of 47 1 milliknibcits was employed as standaid 

The single animal employed in this part of the investigation re- 
quired 60 trials to icach 100 pei cent coriect choice of the standard 
papei dining the tiaining senes Theieaftei, tlie difference between 
the standaid bu'ghtncss and the vaiiable brightness could be reduced 
to a ratio I 4 before the limit of the animal’s capacity to disciiminate 
between the two bnghti\cst>es was icached♦ This value Ucs within the 
range of thieslioJcl latios secuicd iindei the conditions desenbed above 
in which the sui rounding illumination was as a minimum 

It IS believed that the responses found can be pioved to be a 
function of the biightness ratios employed in the experiment. The 
fact that the disciiminative bcliavioi of the animals can be demon¬ 
strated to be limited consistently by a threshold value of light 
intensity validates the experimental results m a positive way. In 
addition, the responses of none of the subjects were found to de¬ 
pend upon the electiic shock used as punishment, since brightness 
ratios above the tliieshold values elicited disciiminative behavior 
when the current giving the shock was discontinued. That other 
secondaiy sources of stimulation were not involved m the behavior 
IS shown by the fact tliat at no time could a discriminative response 
be elicited when the regulai procedure of the experiment was fol¬ 
lowed and stimuli of equal brightness employed. 

2. The Effects of Removal of the Stnate Cortex upon Intensity 
Dlscrhfimaiion, The results of this part of the expeiiment may be 
summanzed under the following headings: (a) the effects of re¬ 
moval of different amounts of the striate coitex upon the retention 
of the brightness discrimination habit when the intensity of the 
surrounding illumination is at a minimum, (b) the effect of such 
operations upon thresholds of brightness discrimination under con¬ 
ditions similar to those used in (at) , (c) the effect of removal of the 
stnate cortex upon learning and retention of the brightness dis¬ 
crimination habit under different conditions of general illumination. 

{a) Retention of the Brightness Dtscruuinalion Habit under 
Coiidiiiojij af Miimmnn General lllnwinaiion. Twelve animals were 
employed in this part of the expenment. In addition to the pre- 
operative training in the discrimination habit, thiesholds were de¬ 
termined in four of the animals (Subjects 7, 17, 18, and 20) prior 
to the operations. Two animals (Subjects 23 and 29) were un- 
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trained when the operations were earned out. Additional pre¬ 
operative training given to Subjects 17, 28, and 30 will be men¬ 
tioned in a later connection below. 

Table 2 summarizes the results obtained on the 12 animals in 
the postoperative training carried out two weeks after the operations. 
These results are compaied to those secured in the initial preoperative 
training The niiinbers in the tables indicate the number of trials 
required to reach 90 pej cent correct choice of the brighter light 
in a 20-tiial period Examination of the table will show that all 
animals with lesions designated as partial, and which were trained 
piior to the operation, immediately icleariied the discrimination of 
the two lights Subject 30 also was able to discriminate between 
the stimuli immediately after a complete unilateral destruction of 
the striate coitex, 

Animals with complete bilateral destruction of the striate area 
were at first unable to discriminate between the stimuli during the 
postoperative training. With subsequent training, however, all 
learned this response m at least 240 trials, and some in as few as 
140 trials 

The two animals which wore not trained prior to the operation 
(Subjects 23 and 29), in one of which the striate areas were in¬ 
completely removed, required about the same number of trials to 
learn the discrimination m postoperative training. 

The destruction of the striate cortex in these different animals 
ranged from small localized lesions in the posterior portion of the 
Gyrus lateralis, through lesions of intermediate size involving most 
of the visual areas, to complete removal of these areas, As shown 
in the table, there aie no diffcicnccs in the degree of retention of 
the habit which can be said to vary directly with the magnitude of 
the lesion The only maikcd variation found is that induced by 
complete removal of the stiiate areas, in which case the animals had 
to be retained for a period of time comparable to that required to 
establish the habit in the preoperative learning 

(b). Effect of Removal of the Visual Coitex upon the Thresh¬ 
old of Briffhiness Discnnimalioit imdej Conditions of Minnnum 
General lUinnuiation Thresholds of visual intensity discrimination 
were determined in six animals subsequent to the operations In 
three of these animals, determinations were made after the opera¬ 
tions at both the high and at the lower brightness levels, although 
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preopeiaHve tlncsliold measuiements on two of these animals were 
secured only at the lower brightness level Both preopeintive and 
postopernttye determinations were cairied out irfth Subject 20 at 
the higher brightness level, while tlie threshold of Subject 23 was 
determined at the higher brightness level only after the operation 
Table 3 summarises the results obtained in the different subjects 


TABLE 3 

Tnn Prcoperative and Postoperative Thresiioid Ratios in Intensity Dis¬ 
crimination AT Two Diiferent BRicHrNESs Levels 


Brightness 

levels 

0 48 millilamberts 

50 4 miHilanibcrla 


Subject 

7 17 

18 

7 17 18 

20 

23 

Preoperative 

1 64 1,23 

1 29 

1 24 

1.24 


Postoperative 

25 25 

1 64 

1.32 2.2 1 38 

1 38 

28 


at both the high and at the low intensity levels Reference to the 
tabic will show that the threstiold values showed no marked increase 
at either level The only animals giving evidence of any significant 
threshold loss were Subject 17, the single animnl of this group in 
which the striate cortex was apparently completely destroyed, and 
Subject 23, which was untrained prior to the operation. The 
thresiioid loss of Subject 17 was about the same at the two different 
brightness levels. Subjects 7 and 18, in both of which the striate 
cortex was incompletely removed, also showed no significant varia¬ 
tion in threshold loss at the two different brightness levels 
The cortical destruction m the different animals employed in this 
part of the experiment involved small lesions restricted to the pos¬ 
terior part of the striate cortex (Subjects 18 and 23), lesions of 
intermediate size (Subjects 7 and 23) and complete removal of 
the striate areas (Subject 17). The degree of variation in the 
threshold of biightness discrimination among the animals employed 
in this study seems not to be significantly related to the extent of 
the extirpation of striate cortex. The degree of change in the 
capacity of the dilferent subjects to discriminate differences m bright¬ 
ness is not remaikably greater than the variation found among normal 
animals. 

(c). Effects of Removal of the 8tnate Coitex upon Retention 
of the Brifflitness Discrinnnation Habit tinder Diffeient Conditions 
of General Illumination, Prior to the opciations, three animals 
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(Subjects 17, 29, nnd 30) were trained in the discrimination of 
brightness under thiee difterent conditions of general illumination. 
These were conditions of (a) minimum general illumination in 
which the light from the stimulus boxes was the only light present 
in the expennnental loom, (b) low general illumination, in which 
two IS-watt bulbs wcie placed in the reflcctois above the runway 
table; and (c) high gcncial illumination, in which two 200-watt 
bulbs were placed in the leflectois above the runway table. 

The stiiate cortex of the three animals employed in tills part of 
the experiment was completely removed so far as could be ascer¬ 
tained fiom histological examinations of their biains and from sub¬ 
sidiary obseivatlons of their behavior, In the case of Subject 30, in 
which the opeiation was done in two stages, ictests were run two 
weeks aftei the first operation as well as two weeks after the com¬ 
pleted removal of both striate cortices Prcopeiative retention tests 
weie cairied out with two of the animals two weeks after the 
initial training 

In Table 4 are summarized the number of trials presented to the 

TABLE 4 

The Number of Trials Required to Reach Ninety Per Cent Choice of the 
Brighter of T^vo Lights During the Preoperative Training, Pre- 
operative Retention, and Postoperative Training Series 
Under Different Conditions of General Illumination 

Subject 17 28 30 

Operation Complete Complete Unilateral Complete 

Sumiilnting Pre, Pre, Post. Pre Post Pro Pre, Post Post. 


conditions 

Tr. 

Ret. 

Tr 

Tr 

Tr 

Tr. 

Ret 

Tr 

Tr 

Dark conditions 

100 

20 

160 

HO 

200 

160 

20 

40 

220 

Low inumination 

60 

20 

100 

40 

200-^ 

80 

20 

40 

200* 

High illumination 

20 

20 

S00» 

60 

500» 

100 

40 

60 

500* 


•Failed to learn m ihe number of trials indicated 


thice animals during the preoperativc training, the preoperative 
retention tests, and the postoperative training in the three different 
situations employed. Numbers designating each subject are given 
at the top of the table, while the nature of the conditions of train¬ 
ing and testing arc described in the column to the right. Numbers 
in tlie table marked with an astciisk represent the fact that no learn¬ 
ing took place during the number of trials indicated 

Examination of the results presented in the table will show that 
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the thice subjects requned icspcctively 100, 140, and 160 trials in 
order to learn the piimary discrimination in the first stimulus situa¬ 
tion Thereafter, irhe/i immediately presented with the situation 
giving low general illumination, 40 to 80 trials were required to re¬ 
establish the habit Subject 17 discriminated at once when put into 
the third situation, but the remaining two animals had to be retrained 
for periods of 60 and 100 trials icspcctivelv During the pieopcrative 
retention tests all animals were able to maintain a level of correct 
clioice in excess of 80 per cent in 20 trials 

After complete icmoval of the striate aieas all thiec animals de¬ 
manded a peiiod of ictiaining in the fust situation exceeding then trial 
record duiing the initial pieoperativc tiaining in this situation When 
presented thereafter with the second situation, two of the animals 
failed to exceed a chance peiccntage of coirect responses within 200 
trials. Subject 17, however, learned to discriminate m this situa¬ 
tion within 100 trials. In the third situation, all three animals 
were lun for a period of 500 tiials without showing any evidence 
of being able to discriminate between the two stimuli. 

After the first stage of the operation, Subject 30 was run in a 
series of contiol tests under exactly the same conditions as those 
desciibed above. As seen in the tabic, the unilateral operation had 
almost no effect upon the ability of the animal to respond in all 
three situations This animal discriminated immediately when put 
into the first situation after the operation, theieaftcr transferred 
to the second situation, and when presented with the third situation 
requiied only 60 trials to relearn the discrimination. However, 
after the second stage of the operation, this animal failed altogether 
in learning the discruninatioii in the circumstances involving increased 
general Illumination 

V Summary and Discussion 

The results of the experiments just described permit certain 
tentative statements concerning pjoblems raised earlier in this paper. 

Thresholds of visual intensity discrimination in four adult cats 
were found to vary between ratios of 1 23 and 1 6 at a brightness 
level of 0 48 millilainbei ts under conditions in which the illumina¬ 
tion of the sunound in the experimental room was at a minimum- 
At a hiightness level of 50 4 millilambcits under similar conditions 
of intensity surround, comparable threshold ratios in five animals 
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vaiied between 1,24 and 1.6. Under circumstances of increased 
general illumination the threshold ratio of one animal was ascer¬ 
tained to be approximately 1.4 In this part of the experiment the 
brightness of the standard stimulus was kept at a value of 47 1 
millilamberts. 

These combined results seem to indicate that the visual capacity 
of the cat m intensity discrimination is equal to or may excel that 
of many other dififcrent mfra-human mammals Although fairly 
crude methods were used here in making variations in light in¬ 
tensity the results seem consistent enough to permit certain conclu¬ 
sions concerning the sensitivity of the optic system in the cat The 
following general comparisons give some idea of the nature of 
brightness disciimination in this animal in relation to that of other 
mammals, Threshold ratios have been determined in different 
infra-human mammals to be as follows: albino rat—1 26-2.37 (Munn 
and Slater, 52); pigmented rat —2 0 (Lasliley, 36); raccoon—126 
(Munn, 51); dog—12 (Marquis, 44; Stone, 80) As far as Is 
known these values, although not exactly comparable, are based 
upon measurements made by essentially similar methods over the 
median range of illumination. In general it may be said that as 
far as the present study has gone, the capacity of the cat in intensity 
discrimination is of an order found in other sub-primate mammals, 
but inferior to that of the monkey. However, it should be pointed 
out that under the conditions used in the present experiments the 
threshold ratios of the cat in certain instances approximated those of 
human subjects making observations under the same conditions. In 
addition, there seems to be no evidence that any marked variation 
exists between the ability of the normal animal to discriminate 
differences In light intensity at low and at high conditions of general 
illumination, 

Two weeks after the removal of varying amounts of tlie striate 
cortex, 12 animals were trained and tested in the discrimination 
of brightness differences under conditions in which the illumination 
of the surroundings was at a minimum. The extent of cortical 
destruction in these different animals included small lesions in the 
posterior aspect of the lateral gyrus, lesions of intermediate size, 
lesions involving almost all of the striate areas, and complete le 
moval of both striate cortices Animals with partial lesions showed 
no significant loss in retention of the brightness discrimination habit 
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when tested two weeks after the operations Four animals with 
complete removal of the visual areas, however, lost the habit and 
had to be retrained for a period somewhat exceeding the number 
of trials required to establish the habit in the preoperativc training 
The postoperative effects of removal of the striate cortex under 
these conditions seemed to be confined entirely to animals with the 
complete lesions 

The observations made here on ictcntion of the brightness dis¬ 
crimination habit after partial and complete removal of the visual 
cortex contribute further knowledge to a problem whicJi Jias already 
been dealt with by Lashley (31, 32, 33, 34, 35, 38, 42) in experi¬ 
ments with rats. In a number of different studies Lashley found 
a positive correlation from .50 to 60 between the magnitude of 
destruction of striate coitcx and the degree of amnesia m bughtness 
discrimination. The inoie recent of these studies sliowed, however, 
that a coi relation of this dcgiec was not evident if the extent of 
the destiuction m the striate areas was judged on the basis of 
secondary degeneration in the external geniculate body Therefore, 
from this evidence, Lashley concluded that the other correlations 
obtained by him are artifactual in nature, and that the effect of 
striate area lesions upon the retention of the brightness discrimination 
habit is all or none in character. The results of present experiments 
are in accordance with this more recent conclusion of Lashley, since 
lesions varying greatly in size were found to produce no concomi¬ 
tant variation in the retention of the intensity disci immation in the 
cat as long as some of the striate cortex was left intact. Loss in 
retention of the habit was found only with extirpations piesumably 
involving all of the visual cortex. 

Evidence presented here seems to show that partial and complete 
removal of the striate coitex has no marked effect upon the differ¬ 
ential threshold of brightness discrimination as measured under 
circumstances in which the surrounding illumination is kept at a 
minimum. When theresholds were determined at the same intensity 
level, animals with lesions confined to a small part of the striate 
areas gave evidence of threshold losses approximating those of cats 
with all striate cortex removed. The threshold modification found 
m animals with both paitial and complete removal of the striate 
cortex was not much larger than the variation in threshold ratios 
found among normal animals. Evidence was also secured that 
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partial and complete removal of the striate coitcx does not pro¬ 
duce different threshold losses at different intensity levels The 
threshold variations in the operated animals was approximately 
the same at two intensity levels which differed by a factor of 100. 

The variation in threshold capacity produced in cats by partial 
and by complete removal of the striate cortex is of an order com¬ 
parable to that found by Maiqius (44) m the dog However, the 
present results do not show any significant relation between the 
magnitude of the destruction of the striate aicas and loss in threshold 
capacity which has been brought out m an experiment by Lashlcy 
on the rat (35), The lather large vaiiation in extent of striate 
area destiuction in the cats studied in the present experiment and 
the small changes in thiesholds found in the postoperative determ¬ 
inations seems to preclude the possibility of a significant relation 
between threshold loss and extent of cortical extirpation 

The explanation for the fact that mammals suffer a temporary 
amnesia in intensity disciimination after complete removal of the 
striate cortex still remains an unsolved problem. The most plausible 
explanation of this effect now seems to be that the period of re¬ 
training required to reestablish the habit corresponds to a period of 
reorganization of subcortical visual mechanisms in relation to the 
sensory-motor mechanisms of locomotion and placing of the limbs 
The visually controlled limb and trunk reflexes, which are only 
partly cortically determined, must be recoordinated in relation to 
afferent impulses mediated by the subcortical visual pathways when 
the cortical component of their contiol is completely abolished 
These statements mean essentially that the relearning required 
after the operations involves not so much an increase in visual sen¬ 
sitivity as It does the establishment of new visiial-kinaesthetic motor 
integrations These ideas suggest why thcie is a temporalv loss 
of the discrimination habit but no marked reduction in threshold 
capacity after the operations. 

Results were presented which showed tliat when animals lacking 
the striate areas are tested postoperativcly under conditions of gen¬ 
eral high illumination, there occur apparent peimanent disturbances 
in brightness discrimination which are not evident at lower levels 
of surrounding illumination. Three cats with complete removal 
of the visual cortex, although able to relearn the intensity dis¬ 
crimination when the illumination of the surroundings was at a 
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minimum, Liilccl to relearn the same habit under conditions of 
incicased letinal illumination Two of the animals showed no evidence 
of iclcarninp the habit within 200 tnals at an intci mediate stage of 
general illumination In contiast, it was found that unilateral 
removal of the striate areas had no effect upon the rclcaining of 
the hahit iindci these diffcient ciiciniistanccs 

These results seem to have direct sig^nificancc to more general 
problems of the functions of the cortex in vision As a result of 
the experiments of Lashlcy with the rat (31-43), the opinion is 
now held that leinoval of the striate areas abolishes the ability to 
respond to visual patterns but leaves intact disciiminations based 
upon differences in light intensity The fact should be noted, how¬ 
ever, that tile experiments of Lash ley upon brightness discrimination 
were made only in circumstances m which the sui rounding illum¬ 
ination was reduced as far as possible, whereas the studies on 
pattern vision were carried out undei high illumination TJie 
results of tlie present experiments suggest that the level of general 
illumination at which defects of pattern vision were demonstiatcd 
in Laslilcy’s expciiments, disturbances in intensity discrimination 
may also be shown to exist. 

Somewhat similar statements can be made m regard to the idea 
of Marquis (44) that thcie is a distinct separation of ^'object'^ 
vision and intensity discrimination within the central optic system, 
Marquis observed that complete removal of the striate cortex in the 
dog abolished the ability of the animal to respond to threatening 
gestures, to avoid obstacles, etc. But he also found that the same 
animals were very capable in the relearning of the discrimination 
between two lights which were presented in an otherwise dark room 
Extended tests showed that there was only a slight modification of 
the threshold capacity of the animals as a result of the operations 

In giving an account of his experiments, Marquis (44) states' 
“The slight impairment of the threshold of light discrimination is 
not sufficient in itself to explain the cntiie visual defect The dogs 
bumped against objects Uield or moved before their eyes, even 
when the bnghtness diftercnce between the objet and its background 
wab many times gieater than their threshold of discrimination 
Maiquis accounts for the ambiguity that under certain conditions 
his animaU were apparently “blind” but could yet make almost 
normal brightness discriminations under other conditions by as- 
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suming that there is a distinct psychological difference between 
"light"’ ^'ision and what he calls "object” vision. The ability to 
localize and respond visually to certain constellations of stimuli 
such as food, movements of the experimenter, and obstacles placed 
befoie the animal is taken by him to be indicative of "object” vision. 
On the other hand, a similar capacity to localize and respond to 
the correct stimulus in a brightness discrimination apparatus con¬ 
stitutes a different psychological function, i e., light vision Ac¬ 
cording to Marquis, destruction of the stiiate cortex abolishes 
"object” vision but leaves intact this more primitive capacity of 
"light’^ vision. 

It seems possible on the basis of the present results to give a 
solution of the problem laised in Marquis’ experiments (44) with¬ 
out the making of unwarranted assumptions concerning the psy¬ 
chological nature of responses to various kinds of visual stimulation. 
The conditions used in the experiments of Marquis in which a 
deficit in object vision (so-called) was demonstrated, were condi¬ 
tions of general high illumination Evidently, as the present ex¬ 
periments clearly show, there is a distinct difference between the 
capacity of the operated animal to respond visually under such 
conditions and in circumstances in which objects of high intensity 
are presented against a dark surround Accoidmg to the results 
obtained in the present investigation, the visual deficit resulting 
from removal of the striate areas can be described in terms of a 
defect in intensity or light vision, m so far as this capacity is meas¬ 
urable under conditions of high illumination of the surroundings. 
Or, more specifically, it should be said that this deficit involves in 
part disturbances in intensity vision under circumstances of increased 
general illumination 

It seems clear, therefore, that no distinct division of neural 
function is involved in the mediation of brightness discrimination 
and what has been discussed by Marquis (44) as object vision 
Defects m brightness vision occur under the same conditions of 
stimulation in which disturbances in localizing responses to food, 
obstacles, etc, have been demonstrated Conversely, there seems to 
be no evidence that this capacity m orienting to objects is completely 
lost in circumstances in which intensity discrimination can be proven 
to be almost normal. Indeed, it may be argued that the ability of 
operated animals to localize and respond to the correct stimulus in 
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a brightness discrimination apparatus is as indicative of object 
vision as is any other type of orientation to differences in visual 
stimulation 

In the light of the present experiments, the impairment of vision 
in the cat following complete icmoval of the visual cortex seems 
to involve disturbances which cut across different visuiil capacities, 
including both intensity and pattern vision, depending upon the 
general conditions of a stimulation in which the animals arc tested. 
The circumstances of stimulation in which little or no deficit is 
found in either intensity or pattern vision arc those presenting 
marked gradients in retinal illumination, while circumstances asso¬ 
ciated with significant loss in both types of visual capacity are 
distinguished by reduced gradients in illumination. Proof of this 
fact has already been offered in connection -with the discrimination 
of intensity differences in the cat, and the question may be raised 
as to whether or not the same description applies as well to other 
visually controlled responses. 

In a former study, the writer (73, 78) has shown that this 
account seems to describe the effects of removal of the striate cortex 
in the cat upon the reactions of the eyelids to moving objects or 
"threatening gestures/^ The results of this study showed that 
cats deprived of the visual areas lose such responses when the 
animals are tested under median levels of illumination. Neverthe¬ 
less, if the operated cat is held before an intense light source (500 
watts) and the hand or a card moved across the visual field, the 
reactions still persist The increased gradient or contiast effect 
provided by the intense source seems to be necessary, therefore, in 
order to elicit such reactions in the operated animals. 

Furthermore, such a desciiption as that given above is apparently 
an adequate account of the modification in pattern vision after 
extirpation of the striate areas. The present writer (73, 78) has 
described experiments showing that, although fixation movements 
of the eyes and head (oculocephalogvric iespouses) to objects such 
as pieces of food, the expcnmcnter*s hand, etc,, are abolished in 
the cat after removal of the striate areas, similar reactions to a 
rotating black and white striated pattern covering the entire visual 
field still persist alter the operations In a further experiment 
(Smith, 76), It has been proved that the visual acuity of the 
operated animals under the latter conditions is approximately 11 
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minutes of arc or better, an acuity of pattern vision higher than that 
demonstrable in the pigmented or albino rat (Lashley, 36) Tlic 
explanation of the abolition of pattern vision when the animals are 
tested with pieces of food or by moving the hand across the visual 
field lies in the fact that these situations do not present sufficient 
changes in retinal illumination or contrast in order to bring about 
forced reactions On the other hand, by increasing the gradient 
or change in retinal illumination by lotation of uniform black and 
white patterns across the visual field one may still secure definite 
responses to changes in visual pattern, and to a degree in the near 
vicinity of that of the acuity of the normal animal. In the 
former cfisc sufficient change in illumination is not present for 
differential reactions to be produced in the more primitive sub¬ 
cortical neural pathways, whereas the uniform change m retinal 
illumination provided by rotation of the visual field will produce 
such reactions,^ 

Certain observations by Lashley (42), van Herk and T'en Cate 
(22) and Ten Cate (14) aUo point to the fact that ccitain types 
of pattern discrimination persist after removal of the visual areas 
in the rat and rabbit. Although Lashley (37) and Lashley and 
Frank (43) could not secuie any indication of pattern vision in rats 
after complete extirpation of the visual areas, when the animals weie 
tested under conditions of daylight illumination in which a diversity 
of patterned differences were involved besides those relating to the 
significant stimuli to be discriminated, Lashley did observe that such 
animals could still localize the position of patterns of light in an 
otherwise dark field. In addition, Kennedy (25) has presented 
tentative conclusions that the discrimination of moving patterns in 
tlie cat are not completely abolished by removal of the striate cortex 


*Sincc this senes of experiments were reported, there has come to the 
attention of the writer a siinilnr study by ter Braak (6) concerning the 
effects of tcmaval of the striate cortex and of decortication upon visually 
controlled eye movements in the rabbit, dog and monkey Ter Braak 
distinguishes between what he calls fixation ("etier”) and visual (“shnii*’) 
nystagmus, and holds that the two can be considered as distinct because 
the latter involves "attention,’^ He emphasizes that the former is present 
only with marked contrast in the visual field Obaervntiona on operated 
animals showed that decortication or removal of the occipital cortex in 
the dog and monkey abolished the “visual" nystagmus but left the “fixation" 
nystagmus intact These results seem to agree in detail with those re¬ 
ported by the wiiter, and the division of function left unexplained by ter 
Braak is apparently well accounted for in terms such as those just mentioned 
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Kennedy*s nnimals were also tested under circumstances in which 
tlie significant stimuli were the only lights present in the expeii- 
mcntal room* The experiments of Lasliley (42) and of Kennedy 
(25) suggest that removal of the striate coitex does not completely 
abolish pattern discuminntion, but leaves intact the ability to respond 
to visual patterns in situations presenting marked gradients or 
contrast ef¥ects between the figure and the background. 

All of these lesults seem consistent in showing that extirpation of 
the St jlate areas, by reducing the efficicncv of the entire optic system, 
brings about a limited clistuibance in diftciciit visual functions mtlicr 
than the complete abolition of certain specific functions such as 
pattern vision They appear, furthermore, to be generally contra¬ 
dictory to the view that m higher mammals there arc independent 
levels of oiganization within the optic pathways, such that the 
higher levels may mediate pattern vision and the lower intensity or 
light vision A moie plausible idea seems to be that this organiza¬ 
tion consists of a separation of neural control according to the 
degree of change in retinal illumination involved in either pattein 
vision or intensity discrimination. The circumstances in which 
both intensity and pattern vision seem to be demonstrable in animals 
without the striate cortex are those m which there arc marked 
gradients in letinal illumination, such as arc obtainable by present¬ 
ing differential stimuli against a dark surround or by rotating 
patterns of light uniformly acioss the visual field Although the 
natuie of this residual visual capacity seems to be similar in every 
respect to that found in animals possessing only rods in the retina, 
the relation between the visual capacity of animals without the 
striate cortex and the mechanism of rod and cone vision must be 
further investigated. 

The following concluding remarks may be made concerning the 
results of the present study 

1 An apparatus and technique is described which permits the 
controlled investigation of intensity discrimination in the cat, 

2. Thresholds of visual intensity discrimination in the cat were 
found to vary between ratios of 1,23 and 1 6 at different brightness 
levels and with different levels of general illumination (intensity 
surround). The capacity of the cat in intensity discrimination 
seems to be of an order comparable to that which has been found 
in other sub-primate mammals. 
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3. The effects of paitial and complete bilateral removal of 
the striate coitex was investigated in 12 animals in relation to the 
question of the retention of the intensity discrimination habit. Ani¬ 
mals possessing partial destruction of the striate areas gave evidence 
of no loss in retention of the habit after the operations, while those 
having complete lesions required a period of letrnming in the le- 
sponse comparable to that necessary to establish the oiiginal pre¬ 
operative discrimination No evidence was secured that a direct 
relation exists between the extent of destruction of the striate cortex 
and the retention of the intensity disciimination habit. 

4, Paitial and complete bilatcial icmoval of the striate cortex 
in five cats failed to produce significant vaiiations in the thresholds 
of intensity discrimination which were dcteimined at two different 
brightness levels Contrary to an earlier investigation of Lashley, 
no evidence was secured that there is a significant relation between 
the threshold of intensity discrimination and extent of destruction 
m the stiiatc cortex, 

5 The postoperative defects in the retention of the intensity 
discrimination habit as a result of complete bilateral removal of 
the striate cortex seem to be best explained m terms of the elimina¬ 
tion of the cortical control of the limb and trunk reactions involved 
in the learned visual orientation and the reestablishment of the 
neural control of these reactions tluougli subcortical neural centers, 

6 Results arc presented to show that, when animals lacking the 
stiiate areas are tested postopciatively under conditions of geneial 
high illumination (intensity surround of the differential stimuli), 
there occur apparent permanent disturbances in intensity discrim¬ 
ination which are not evident when such tests are made with stimuli 
presented against a dark surround, Tliiee animals with complete 
bilateral removal of the striate aieas failed to relearn an intensity 
discnmmation habit under conditions of high general illumination 
although they were able to relearn this same habit easily when the 
surrounding illumination was at a minimum 

7, The general visual deficit following complete removal of the 
striate cortex in manrimals involves a disturbance in the ability to 
discriminate intensity differences under conditions of incicased gen¬ 
eral illumination. 

8. Arguments are presented to show that the general deficit 
in mammals following complete removal of tlie striate cortex does 
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not consist in the loss of ceitain specific functions (pattern anil 
object vision) and the nonritil letentioii of other visual capacities 
(intensity and light vision) A more plausible view, in the iigiu 
of the present results, seems to be tliat destruction of the striate area 
brings about a limited disturbance in both intensity discrimination 
and pattein vision 

9 Since both iiitensitv disci imination and pattern vision seem 
to he demonstiable in animals without the striate cortev in cir^ 
cumstance of iiicieased giadicnts in retinal illumination, it is assumed 
that the subcoitical visual pathways in the cat and othei mammals 
are diflerentiated to such a dcgice as to mediate iespouses correlated 
■with both intensive and pattcincd differences in stimulation. 

10. The main function of the striate cortc\, as indicated by 
the piescnt cxpeiimcnts, seems to involve the neuTal contiol of 
responses con elated with reduced gradients m retinal illumination 
either in respect to intensity or pattcin vision The separation of 
visual functions between the stiiate coitex and the subcortical 
visual centers seems to be one of degree rather than of kind 
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STUDIES OF TI-IE GRASPING RESPONSES OF EARLY 
INFANCY; I * 

The Yale Climc of Chihl Development 


H. M Halveusok 


Conflicting repoits (21) of the natuie and strength of the grasp¬ 
ing reflex in human infancy led to a more or less exhaustive exam¬ 
ination of this early response The study was conducted on infants 
at the hospital of the State Farm for Women at Niantic, Conn.^ 
Specifically, the investigation sought to dcteiminc the conditions 
under which the early grasping response occiiis Responses to dif- 
fcient kinds of objects, i.c,, wood, iron, haii^ rod of nails, etc., 
which were placed against the palm, were obtained to determine 
preferential and shunned matciials Responses to contact pressure, 
strong piessure and "pull” were compared. The strength of the 
“clinging” response was dcteimined for the individual fingers, for 
each hand, and for both hands simultaneously The nature of re¬ 
sponses by fingers and hands to a yielding object and the amount 
of pressure exerted in each instance were mvestig«itcd The relation 
of hungei and satiation to the grasping response was studied by 
noting the cliangcs occurring m gripping pressure before, during, 
and after feeding periods 

What is meant by the grasping reflex? Is it the dosing of the 
fingers upon an object in response to palmar contact? Is it the 
gripping^ of the object—a proprioceptive response evoked by the 

^Accepted for publication by Arnold Gesell of the Echtopial Board, and 
received in the Editorial Office on March 2K 1937, 

^The writer greatly appreciates the interest and coopeiation of Miss 
Elizabeth Munger, the Superintendent, who set aside a research room 
and arranged for numerous conveniences which greatly facilitated the 
study The writer is nlso indebted to Miss Elsie Shearer, Assistant Super¬ 
intendent, Dr. Freitag, the Resident Physician, and ihc nurse in charge of 
the infanta Mrs Josephine Doyle Krynine, graduate student at the Yale 
Clinic of Child Development, assisted the ^vritcr in the experimentation 
Suggestions by Dr Raymond Dodge of the Department of Psychology, Yale 
University, were extremely helpful m carrying on the investigation 
^An infant may close his fingers upon an object without gripping it 
Gripping and clinging here are actually synonymous terms. When an infant 
grips an object he clings to it In this paper gripping becomes clinging 
when the object grasped is pulled by the experimenter 
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intiocluction of external resistance to the flexors of the hand? Or» 
is it the combination of these two reactions^ The presence of these 
components, (21), closure and gnppinf^, gicatl}^ complicates the 
early grasping pattern. If complete closure of the fingers to palmai 
stimulation is a grasping response, any partial or feeble closure 
to the same type of stimulation is a grasping response However, 
it IS likely that in most cases investtgators do not record finger 
flexion as a grasping response unless full flexion takes place Again, 
It is likely that other investigators do not record finger flexion as a 
grasping response unless the object (stimulator) is gripped. Tlic> 
have most certainly observed discrepancies in readiness, speed, mag 
nitude, and sticngth of early grasping responses and m some cases 
have reported them. 

In dealing with the strength or duration of the grasping re 
ponse, It IS alwn 5 's the proprioceptive reflex which is measured 
The infant clings to a rod, supporting his weight for a certain 
period of time It is necessary to refer to this reaction as the cling¬ 
ing response for the following reason If a supine infant is grasping 
a rod with his hand above him at arm’s length, an upward pull on 
the rod by the experimenter will be resisted by a tightening of the 
infant’s fingers, A weak pull will be resisted bv finger flexion the 
strength of which is somewhat greater than the force of the pull; 
a strong pull will be opposed by a correspondingly stronger tight¬ 
ening of the fingers. In any event, Insofar as the force of the pull 
is within the infant’s immediate capacity to resist it, any attempt 
at removal of the rod (extension of the fingers) will be more 
than counterbalanced by finger flexion This fact is clearly demon¬ 
strated in one of the present experiments. The posture of the arms 
in hanging by the hands from a rod is similar to that above. In 
supporting the entire weight of the body in clinging the infant 
demonstrates the principle of opposing the force of the ''pull” with 
a greater force by the resisting flexor tendons 

Early grasping responses vary greatly in temporal and physical 
pattern for the individual under conditions which are apparently 
unchanged A form of stimulation which evokes weak grasping may 
upon second application evoke strong gripping Similarly, a strong 
grasp may be followed by a weak closure Then, again, no grasping 
response may occur The strength of the grasp varies during the 
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day, and from day to day for no apparent cause. The hand may 
close quickly at one time and slowly at another time The amount 
of stimulation required to evoke the response is not constant. Grasp- 
mg may or may not function during sleep. Some of the conditions 
under which this variable response operates arc herein reported. 

Other difficulties confront investigatois of the early grasping 
response. In the first place the flexors are the dominant muscles 
in infancy It is common knowledge that the hand of the very 
young infant is usually closed and that giadual extension of the 
fingers is a function of age. Investigations by Swan (49), who has 
studied the posture of the resting hand of infants, and the norma¬ 
tive work at the Clinic of Child Development at Yale (17) con¬ 
firm this view. Thus the volar surface of the hand, the place of 
application of the stimulus for evoking the grasping response, is 
often closed to experimentation, There probably are biological ad¬ 
vantages in a closed hand in infancy aside from remote ancestral 
clinging. A closed hand of the helpless human protects the sensitive 
palm and at the same time greatly reduces the chances of injury 
from external sources. The investigator must resort to force to open^ 
the hand for the insertion of the stimulus or wait patiently for 
the infant to relax his fingers Then there is the difficulty of con¬ 
trolling tlie intensity and area of stimulation under these conditions 
The lack of control of these factors renders incomparable results— 
l.e,, a stimulus of one intensity yields a certain reaction, a stimulus 
of different intensity may yield a different reaction. Experiments 
herein reported show that such is the case Other conditions which 
may influence the response are: fatigue, nutrition, adaptation to 
stimulation and so on. Angclis (2) also calls attention to these 
difficulties in connection with his work on reflexes. 

Date oe Appearance 

There is pretty general agreement that the early grasping response 
IS present at birth Among the investigators who contribute to this 
view arc Robinson (41), Miimford (35), Peterson and Rainey 
(37), Watson (53), Brvan (6), and Hiirlock (23) Jcisild (27) 
carefully states that most infants exhibit this response early in life 
Angelis (2) says that almost all reflexes are ready for operation' 
at birth. Givler (18) believes the response is not only present 
on the first day of life but that it probably was practiced before 
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birth For Holt (22) the grasping reflex is an example of pro¬ 
prioceptive learning in the fetus. Peiper^s (36) view is that the 
grasping reaction is one of the great array of defense reflexes with 
which the child is born ® Bolaffio and Artom (5; 12) find that reflex 
grasping occurs in fetal life, Feldman (13) says that all movements 
at birth are reflexes and that incomplete development of the In¬ 
hibitory centers accounts for their exaggeiation Lenz (31), whose 
interest in leBcxcs lies m their influence on the behavior of the 
individual, thinks that grasping in combination with sucking oc¬ 
cupies a signficant place in the development of conduct 

In addition to the •usual flexion of the fingers in response to 
tactual or proprioceptive stimulation of the palm or tendons of 
the hand, smaller contractile (micro-kinetic) linger movements take 
place at irregular intervals According to Feldman (13), these 
movements are probably somewhat inhibited at 3 months and quite 
under control at 3 years. Just what relation these slight spontaneous 
finger movements bear to the early grasping response no one knows. 
Both involve finger flexion, in one case the activity Is almost con¬ 
tinuous but abbreviated, while the stimulus is unknown. In the 
other case, the activity occurs under conditions of cutaneous or 
proprioceptive stimulation, or both, and usually involves consider¬ 
able, if not complete, flexion of the fingers. 

Inability to distinguish between reflex and voluntary action in 
grasping further complicates investigations on the early grasping 
response. It is probably true that the grasping reflex gradually 
disappears^ as voluntary grasping appears and develops. Is the fact 
that an infant closes his hand more or less immediately on an 
object placed against his palm a sure indication of the presence 
of the grasping reflex? Or, does the manifestation of clinging to 
an object serve as the criterion for the presence of this response? 
In either case there are many instances wherein neither of these 
criteria suffice definitely to demarcate as reflex or voluntary the 
action which takes place. Later discussion will bear on this point 

*As for infra-humans, Lnshley, K S, end Watson, J, D (30) report 
that the Macacos rhesus monkey clings to Us mother at the start of life, 
and Jacobsen (25) notes the occurrence of this response in a baby chim¬ 
panzee soon after birth 

^Disappearance of the reflex does not necessarily signify that it ceases to 
exist, but that it fails to occur under conditions which generally are effective 
in producing it in infancy 
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GcnerJiUy, in reflex grasping the object has to be placed in the 
infant’s hand, in voluntary grasping the infant can leach (in the 
early stages mcipiently) for the object before he takes it. In its 
early dcvelopincnt voluntaiy closure greatly resembles reflex closure 
The object is held principally by the ulnar fingers. Later as the 
thumb and forefinger express themselves in digital manipulation 
no doubt exists concerning the fundamental nature of the action. 
Granted that the very earliest grasping responses are reflexes, before 
these responses are completely voluntary, there must of necessity 
come a time wherein the component movements which constitute 
the total response are in pait reflex and m part voluntary. It is 
at this stage that inability to distinguish the presence or absence 
of the giasping reflex in individual cases is most apparent. 

Woocl-Joncs regards the hand as the “feeler** of the liuman organ¬ 
ism. With its wealth of cutaneous end-organs this distal portion 
of tile upper limb is to man what the nose is to the dog Just how 
sensitive is the hand to touch in early infancy is a matter of con¬ 
jecture (12; 19), although Peterson and Rainey (37) say that th^ 
hand of the very j^oung infant is ordinarily sensitive to liglit pressure 
stimulation with a earners haii brush. 

Our experiments show that infants of a few hours respond to 
light contact from a cameFs hair brush But the human hand also 
contains a wealth of proprioceptive end organs (19) which are of 
great importance to the individual in all forms of manual exercise 
If the reaction hypothesis, that all forms of human behavior are 
reactions to definite stimuli, holds, responses of the hand due to 
cutaneous stimulation of the palm should differ from responses 
which are the result of propiioceptive stimulation of the tendons 
and joints of the fingers. Similarly, proprioceptive responses from 
a weak and from a strong pull against the flexors of the fingers 
should be unlike, because “it is probable that all tension receptors 
are not affected simultaneously by a small pull, but that increase 
of pull adds to the number of end-organs involved—^recruitment' 
at the periphery” (9, p 47) 

In an earlier paper (21) certain difficulties in the study of the 
early grasping response are noted TJie total response pattern 
commonly consists of a two phase nctivltv, i,e ^ closure which is 
the larger movement of flexion of the fingers toward the palm and 
gripping m which the fingers press firmly against the palm In 
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Simple closure the fingers flex until they come to rest near or 
jigainst the object within the palm If gripping follows, the object 
IS lielcl with a force out of proportion with that required for merely 
holding the object These two phases of the grasping response are 
often qualitatively discontinuous and are frequently separated by 
a definite time interval. Closure is probably the response to cutaneous 
stimulation of the palm Gripping is the proprioceptive response to 
strain imposed on the flexor tendons of the fingers. 

Disappearance oi? the Grasping Replex 

Most writers assume that the grasping reflex disappears within 
the first half yeai of life (53, 38, 23, 27, 10, 1). Usually four 
months is given as the time of disappearance. What are the criteria 
by which the presence or absence of the reflex is determined? The 
grasping reflex is regarded by many writers as having disappeared 
if the infant no longer responds by closing the fingers reflexly upon 
stimulation of the palm. The method of placing a rod or finger 
within the palm of the infant is commonly employed in eliciting the 
reflex. If the infaqt clasps the inserted rod or finger, the reflex 
IS present; if no closure takes place, the response is absent. The cri¬ 
terion used by Watson (53) is clinging If the infant clings to a 
rod placed in his hand the grasping reflex is present The absence 
of this proprioceptive response signifies that the reflex has given 
way to the habit of manipulation Richter (40) employs this tech¬ 
nique with monkej^s He not only finds a marked variation in the 
strength of clinging in day by day tests but discovers that the 
reflex is not as strong at birth as at a later period, i c , 15 to 38 
days. The data of disappearance for five monkeys varies from 41 
days to more than 83 days For some investigators the presence of 
established voluntary movements of the arm signals the disappear¬ 
ance of the grasping reflex Darwin (10) notes that at 114 days 
the infant not merely grasps his fatlier*s finger but manipulates his 
(the infant's) hand so as to bring the parent’s finger into a favorable 
position for sucking, Givler (18) states that the reflex undergoes 
modifications until the child can do an infinite number of things 
with his hands. For Watson (53) reaching for an object is coin¬ 
cidental with the disappearance of the grasping reflex. On the other 
hand Sherman and Sherman (46) find that voluntary movements 
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toward the dim (a preferential direction) reach a fair degree of 
accuracy very early in life, whereas Krynine (29) finds incipient 
leaching movements at 12 weeks in infants who still strongly mani¬ 
fest the grasping reflex Watson (53) and Wagoner (51) report 
that the grasping leflcx persists for a longer tunc in defectives than 
in normal children. Lasliley and Watson (30) note that a young 
monkey of one week of age reaches for an object and the movement 
is moic precise in the second week The indications arc tliat the 
giasping icflcx is still picsent Richtcr*s (40) monkeys probably 
had well developed reaclnng movements before this reflex disappeared 

Thus It IS Iikciy that the grasping reflex functions even after 
voluntary movements are well advanced Bernfcld (3) expresses 
the view that this reflex, while more or less dormant, is present 
throughout life Infants over six months of age often display 
grasping which has all the ear marks of a reflex response Some¬ 
times pcisistent efforts at palmar stimulation are required to elicit 
reflex grasping in young infants. Persistence with older infants also 
brings about a similar grasping response In passing, the assumption 
that the reflex is gone at six months probably influences investiga¬ 
tions. The experimenter in attempting to evoke reflex grasping in 
infants older than six months does not persist in his efforts as he 
does with younger infants* If the younger infant does not respond 
at once to the customary stimulation, the experimenter, knowing tiic 
reflex must be present, continues his efforts until some form of 
grasping occuis; whereas continued persistence with the older in¬ 
fants may also eventually call foith the response. When under these 
conditions, grasping docs occur, is it a reflex or voluntaiy activity? 
On the othei hand, if the response under discussion is a reflex, 
probably it should in anv case occur readily under similar condi¬ 
tions of stimulation. Ilowever, expciiincntation shows that the 
giasping reflex is not invariably present even in very young infants 
Conditions which may determine its absence or dormancy at times 
will be discussed m a later portion of this paper. 

Records show that many infants over six months of age will 

cling with both hands to a lod oi nurse’s fingers uith sufficient 

strength to support theii own weight for several seconds If this 
clinging is a true manifestation of the grasping: reflex, then the 
reflex is present long after voluntary arm and hand movernents are 

well established Jacobsen, Jacobsen and Yoshioko (25) find that 
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the baby chimpanzee shows no apparent diminution of gripping 
strength in clingmg throughout the duration (52 weeks) of their 
study of Alpha. Now clinging during the second half of the first 
year of life may not a reflex activity for the human infant. The 
human infant is not required to cling, to hang on. He is so well 
cared for that he is given no opportunity for the exercise of this 
reflex activity. In time this lack of exercise piobably accounts for 
Its early disappearance The question may be raised What result 
would the piactice of this function have on its retention? 

Strpngth and Tenacity of the Clinging Response 

Investigators are at variance concerning the strength and tenacity 
of the grasping reflex. Robinson (41) reports that at 4 days nearly 
all of 60 infants sustain their own weights for 30 seconds Most of 
Watson’s (53) infants support their full weight with either right 
or left hand for periods ranging from a fraction of a second to 
more than a minute. The fraction of a second probably means that 
that amount of time was required for slipping off the rod and was 
not thcrcfoie actual giasping tunc This statement is made in the 
light of the present investigation Pratt (38) records that a human 
infant may sustain his weight for minutes. Blanton (4) sets 
the time of suspension at from 1 to 42 seconds while Chaney and 
McGraw (8) find that the range for time of suspension is 1 to 
39 seconds 

A number of investigators (6, 35, 28, 27) modestly report that 
some infants can support their own weights and that the other 
infants support only the shoulders or the head and shoulders when 
they arc raised from a platform Sheiman, Sherman, and Flory 
(47) find that approximately 10 per cent of infants up to 15 days 
of age support their weights by either hand and that the left hand 
IS slightly superior to the right in clinging strength. Peterson and 
Rainey (37) state that some infants hang on strongly enough with 
both hands to lift head and shoulders. Valentine and Wagner (50) 
find that no infant can support its weight with one hand In sum¬ 
mary then, the strength of the grasping reflex varies from raising the 
*?Iiouldcr to supporting the body, the duration of grip in support 
of body varies from a fraction of a second to 2-j4 minutes In con¬ 
trast to this a chimpanzee sustains its weight by one hand for 
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more than 1 minute (25) and a monkey similarly supports its 
weight for 33 minutes (40) 

Period of Maximum Strength 

Is there a period in the early life of the individual when the 
grasping reflex attains or at least exhibits maximum strength? Is 
the reflex strongest at birth, does it wax in strength and then 
gradually wane, is it periodically strong and weak, depending upon 
the time of day or upon internal conditions of fatigue, nutrition, 
Illness and the like? The gencial belief has been that the reflex 
appeals in its greatest strength at birth or soon after blith and then 
diminislies in vigor as voluntary movements begin* Robinson (41) 
states that the grasping reflex is stronger at 4 days than at earlier 
periods, Blanton (4) finds the reflex less pronounced at birth than 
at later periods. In two subjects the reflex is much stronger at 23 
days and 52 days than at birth. Bryan (6) reports a weakening of 
tlie reflex after the first day or two after which the response appears 
at full strength, She adds that the reflex is not always evidenced 
by her infants, Chaney and McGraw (8) discover that the older 
babies, 1 to 10 days of age, exhibit gieater reflex strength than 
the partunates who arc but a few minutes old The suspended 
grasping times foi the two groups are 8 36 seconds and 5.1 seconds 
respectively, Peterson and Rainey (37) state that some children 
react on one day and not on another day. In addition, children will 
react at one time and not at another on the same day, Sherman, 
Sherman, and Floiy (47) find that for 17 infants the reflex appeared 
to diminish in strength at about 8 weeks Richter (40) finds marked 
variation in the strength of the reflex m monkeys in clav by day 
trials. The response is picscnt at birth and readies maximum 
strength at from 15 days to 38 days, It is apparent that wlicrcas 
no definite time can be set for the period at which the grasping 
reflex attains or exhibits its gieatest strength, this period probably 
IS several days after birth and varies for individual infants. 

Othei peculiarities of the grasping leflcx appear Infants usuallv 
prefer fingers to rods. They grasp yielding objects diffcieritly than 
rigid objects One of Blanton’s (4) babies, in whom life is almost 
extinct, clings strongly to a rod at 10 days. Another baby, dying 
of malnutrition at 5 weeks, supports her entire weight The reflex 
sometimes operates during sleep and does not always operate during 
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the waking period (50), The present investigation substantiates 
these facts. Some childicn extend the fingeis (Babinski-like) and 
some give no overt lesponsc to tactual stimulation of the palm (37) 
Mumford (35) finds that infants apparently grasp haider with the 
ulnar than with the radial fingers—a view which the writer has 
long maintained (20) 

Inconsistencies in the strength of the grasping reflex reported by 
investigators are due to some extent to differences in tlie size and 
probably the form of the object used in eliciting this response 
Watson (53) uses n rod of the thickness of a pencil Blanton (4) 
uses a rod about yi inch diameter Robinson (41) uses his finger 
at times and at other times a stick about ^ inch thick Valentine 
and Wagoner (50) have theii infants gup the handle of a special 
dynamometer Bryan (6) uses the thumb while the Sliermans and 
Flory (47) use a rod 3/16 of an inch in diameter. With a variety 
of objects such as the above, for detci mining the strength of the 
grasping reflex, large differences in results may be expected. The 
present Investigation is in part planned to determine what effect 
the diameter of the rod has on the strength of the clinging response 
A second investigation shows the relation between finger length and 
strength of this response. 

Other factors which probably influence the strength of reflex 
grasping are: the state of activity of the child, emotional excitement, 
hunger, satiation, tand desire for physical contact with persons or 
things 

A baby who is comfoitabh' quiet often fads to exhibit any indi¬ 
cation of leflex grasping under repeated stimulation of the palm. 
Even when the fingers are closed on the stimulating object by tlic 
experimenter, the baby often fails to maintain his grasp. On the 
other hand a physically active baby seldom fads to grasp an object 
presented against the palm The duration of the grasp may be 
long or short. An emotionally upset infant is not likely to respond 
in any definite manner to palmar stimulation Witlihoidiiig the 
bottle at feeding time will often cause crying and sometimes a ph^'si- 
cal upheaval which has all the ear marks of rage Palmar stimula¬ 
tion during this behavior may call forth convulsive flexion and ex¬ 
tension of the fingers, withdrawal, pushing away, or strong grasping, 
or combinations of these reactions Blanton (4) has difficulty in 
eliciting reflex grasping from a quiet baby but no trouble in obtaining 
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this response from an angry, crying baby Dennis (11) believes 
that crying increases the strength of the grasping reflex, a view 
which IS later corroboiated by Sherman, Sherman, and Floiy (47) 

The state of activity of an infant is often affected by internal 
conditions such as pain, hunger, satiation and fatigue. Pain and 
hunger usually evoke, or arc accompanied by, crying and strong 
physical activity. Satiation, fatigue and sleepiness are usually marked 
by decreased activity. An infant who is fully fed or fatigued is 
likely to be quiet, if not actually sleepy. He does not readily re¬ 
spond by grasping objects placed against his palm Records of tests 
made on 11 infants under 16 weeks of age show that just before 
the feeding period all of the infants grasped a rod touched lightly 
to the palm and that immediately after feeding 5 of them grasped 
the rod, 3 closed lightly on it and 3 kept their fingers in relaxed 
extension. 

Johnson^s (28) opinion is that hunger piobahly reinforces the 
strength of the grasping response Major (33) notes that his child 
grasps more firmly during the nursing activity, Blanton (4) indi¬ 
cates that in general babies grip harder before and during the 
nursing period than after feeding. It is likely that peculiarities of 
the grasping reflex, such as its presence at one time, absence at an¬ 
other time, and variations in its strength, would be better under¬ 
stood, if records of the time of testing for the response and the 
time of feeding were available. The evidence is tliat physiological 
changes within the infant and changes m the external situation both 
account for these great variations m the functioning of the early 
grasping response Investigations should aim to eliminate as far as 
possible the factors, i.e,, illness, fatigue, satiation, sleepiness, etc., 
which arc known to preclude effectual elicitation of the response. 
Then the effects of each of these factors upon the response should 
be studied. 

This paper takes the position that grasping is an activity winch 
is not confined to the hand There arc times when infants grasp 
with the mouth and with the wrists (19). The feet and legs enter 
the piehensory picture and in fact the entire body at times con¬ 
centrates upon the object of grasp and attempts to close on it. Thus 
grasping bv the hands is part of a total dynamic corralling pattern 
which leads to closer contact of infant to object. Contact is un¬ 
questionably more or less associated with the acquisition of food 
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Oul lecoids show that for bieast-fed babies grasping (convulsive 
or sustained) js especially strong just when the mother with the 
child in her arms is baring her breast for the feeding In this case 
the situation is a complex of contact, hunger, sucking, odor, taste, 
and probably warmth. In passing, attention is called to the fact 
tliat infants who have attained the age (about 16 weeks and older) 
wherein they are capable of distinguishing familiar people from 
strangers will cling to the former and often withdraw from the 
latter. Jacobsen (25) states that the desire for contact with its 
motlier’s body may account for clinging in the chimpanzee 

From the evidence at hand (2, 6, 7, 37) no racial difterences are 
reported with respect to appearance, strength and disappearance of 
the grasping reflex. 

Investigators of the early grasping response have placed emphasis 
on its leadmess and the strength of the "stictch” reflex of the fingers. 
They have entirely neglected the phenomenon of release When an 
infant immediately flexes the fingers upon an object placed 
against his palm, the activity of closure is referred to as reflex 
grasping, When an infant supports his weight, in whole or in part, 
by banging onto a rod by a hand, such holding is also referred to as 
reflex grasping. The fact that an infant cannot voluntarily extend 
the fingers to release an object in the hand has been entirely ignored 

At 24 to 28 weeks an infant can reach and grasp an object placed 
before him However, he can only with great difficulty release it 
Occasionally he pulls the object out of one hand with the other, 
but he cannot diop it. Finally a stage Is reached when he can re¬ 
lease the object against a resisting surface Records (20) show that 
voluntary release makes it appearance between 36 and 48 weeks 
and is only well developed after the first year (14, 16) The main 
point of this discussion is that there is a stage in prehensoiy de¬ 
velopment during the second half of the first year when an infant 
can voluntarily (lex the fingers but cannot freely extend them. The 
situation then is one in which the infant clings to the object because 
he cannot release it. A pull on the object serves only to tighten 
the grip A very strong pull may result m full suspension of tlie 
infant The inability to release accounts for the late disappearance 
of the early grasping response 
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Reflfx Grasping of Different Materials 

The purpose of the first experiment was to discover whether 
01 not babies giasp objects mdisciiminately. Probably there is prefer¬ 
ential grasping in the case of certain substances, such as hair. Per¬ 
haps objects with rough surfaces evoke some form of rejection re¬ 
sponse. 

The cxpcjimcnt consisted of pressing rods of different materials 
against the palm of the supine infant The rods, 10 cm long and 
about 1 cm, in dlamctei, were, smooth wood, rough wood, smooth 
iron, coarse metal sciew bolt, vciy soft rubber capsule, hair, and rod 
of nails. The last rod consisted of a wooden cylinder into which 
weie driven in haphazard manner over its surface 100 J /2 inch **20 
hiads The round heads of the brads piojected about 3/16 of an 
inch out of the wood, All objects wcic of loom temperature 

When the hand was open the rod was pressed firmly against the 
volar aspect of the hand at any point between mid palm and finger 
tips When the hand was closed the experimenter gently but firmly 
extended the fingeis and held them for about five seconds He 
then applied the rod against the palm, as in the instance of the open 
hand, and at tlie same time released the fingers In evoking grasping 
no attempt was made to contiol the position of the hand, pressure of 
the rod, or amount of stimulation The rod was released by the 
experimenter as soon as the fingeis flexed on it. The method of 
presentation of these rods should not be confused with light pressure 
stimulation In many instances the arm w<as m motion or began 
to move as the rod was presented Under these conditions it was 
impossible to maintain an unvarying pressure with the rod Inas¬ 
much as increase m activity and in picssure both facilitate reflex 
giaspmg, (p 391) moic of these responses should occur in the picscnt 
expciimcnt than m the expciimont with light picssuie stimulation. 

Complete records of the manner of grasping the rods with left 
and right hands were made on infants ranging in age from birth 
to 24 weeks The records show that with the exception of the rod 
of nails infants giaspcd all lods in about the same mannci If the 
infant grasped one rod, he giasped all rods If he failed to grip 
one rod, he exhibited this disposition (failure) with respect to the 
other rods Outside of the fact that infants of 20 weeks or older 
were inclined to look at the rods before grasping them the only 
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difteience^ noted wcic conccined with the strciij^th of the (»iip, 
Occasionally an infant giipped one object more firmly than he 
gripped another 

If, then, (omitting for the time the rod of nails) there is no 
preferential grasping, how do infants accept a proffered rod? A 
complete summary of the manner of acceptance of the smooth rod 
appears In Table 1, The age of the infants, the total number in 
each age group and the number who grasp in a given manner (listed 
at the top of the table) aie given Inasmuch as the distinction be¬ 
tween closure and gripping was discussed in the introduction all 
Items arc self-explanatory 

The results show that infants of the ages examined grasped objects 
lightly or firmly according to the method outlined above In about 
one-half of the cases the right and left hands grasped in like manner; 
in one-half the cases one hand closed lightly and the other grasped 
firmly Exceptions to this rule appeared at 4, 12 and 24 weeks 
Later records show that some infants on the first day of life did 
not alwaj's grasp an object placed against the palm Other investi¬ 
gators (37) also report similar results Some infants did not hold 
obiects with a steady grip The fingers alternately loosened and 
tightened several times These movements were sometimes slow, 
sometimes fast, and sometimes clonic in character. 

Tlie next step, exploratory in nature, w«as to see what changes 
in firmness of grip occurred when the experimenter pulled upward 
on the gripped rod. The pull was tested in two ways’ a very slow, 
steady pull and a quick jerk The slow pull preceded the jerky 
pull for half of the infants at each age, The order of pulling was 
reversed for the remaining infants. Table 2 shows subjective 


TABLE 2 

Intensity of Infant's Grip Against Upward Full of Rod 
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judgments of the strength of infants’ resistance to a pull on the 
rod. The pull was always directed against the terminal joints of 
the fingers. In general^ the jerky pull evoked stronger gripping 
than did the slow pull At each age level there were from 2 to 
6 instances in which the slow pull failed to elicit any increase in 
giipping strength, whcieas jerky pulls only infiequently failed to 
elicit stronger grasping. In all cases wherein pulling failed to elveit 
an increase in strength of gripping, the grasp on the rod was loose 
The order of pulling did not allect the results 

A further senes of tests with the smooth rod gave results which 
bear on tlie earlv giasping response. Placing the rod against the 
doisum of the closed fingers elicited infrequent opening of the hand 
by infants of 16, 20 and 24 weeks Pressing the rod transversely 
along the thenar-hypotlienar line of the closed hand gave rather 
indifferent results With the exception of new-born infants, opening 
of the hand occurred infrequently at all agesi and, in some instances, 
was followed by closure on the rod Pressing the grasped rod 
strongly against the palm of the closed hand also evoked indifferent 
responses In most cases no change in hand posture occurred. Re¬ 
peated opening and closing of the fingers and loosening of the grip 
on the rod comprised the remainder of the responses. 

In contrast to jeactions obtained from palmar stimulation by all 
other rods, explorations with the rod of nails gave sufficient evidence 
of differentiation of response to warrant further investigation. The 
expel imcnt consisted in stimulating the right palm of the infant fiist 
with the smooth rod, then with the rod of nails and then again 
with the smooth lod Repetition with the smooth rod served only 
as a check on the results. Only infants who grasped the smooth 
rod were given the second rod The purpose of the experiment was 
two-folcl: (^} to investigate an infant’s capacity to discriminate 
between ncar-harmful and harmless stimuli, and (^) to observe 
the nature of attempts at avoidance of the neai-harmful stimulus 
Preliminary trials with adults indicated that forceful gripping of the 
rod of nails produced dull pain. The hands of infants who gripped 
the rod strongly showed no traces of skin abrasion 

It is just possible that to a ceitain extent the differences between 
reactions to the two rods might serve to differentiate reflex and 
voluntary grasping For example, any movement (of the hand of 
the infant) which is the direct result of stimulation by the rod of 
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nails and which in any way contributes to retardation or suspension 
of the normal course of uctioii of the grasping reflex might con¬ 
ceivably be considered at least m part voluntary. If infants of tender 
age can even partially inhibit this eaily grasping reaction, a stimulus 
which produces discomfort or pain in the grasping member is most 
likely to elicit evidences of such control If an infant grasps the rod 
of nails tightly and continues this hold in spite of palpable mani¬ 
festations of discomfort, such as sudden, violent ciymg, whereas in 
gripping the smooth lod no evidence of discomfort is observable, 
It IS likely that the infant cannot inhibit the grasping act. If, how- 
evci, he can release the discomfoit-pioducmg rod or relax liis grip 
to the extent that the rod no longer annoys him, either of tliese 
acts constitutes an inhibitory movement, 

Table 3 gives the comparative lesults of stimulating the right 
palms of infants from hiith to 24 weeks Reactions to the smooth 
rod and to the locl of nails aie listed in adjacent sections of the table. 
Infants are listed according to age There aie from 11 to 14 infants 
in each group. 

When a lod’ is placed against the palm of a child, he may grip it, 
hold it faiily firmly, hold it loosely or withdraw from it Only 
persistent withdrawals were lecorded. In addition he may, aftci 
taking the rod, release it, fret, cry, wave the arm, oi alternately 
extend and flex the fingers. After the rod was giasped the experi- 
mcntei always pulled lightly on the rod to note the strength of 
the infant's hold, 

At all ages the infants accepted the smooth rod by giipping it 
hard, holding it more oi less firmly, or holding it loosely No 
emotional reactions occurred but movements of withdiawal some¬ 
times appeared before the rod was grasped Reactions to the rod of 
nails, however, contrasted strongly to leactions to the smooth rod 

The number of children may be too few foi drawing definite 
conclusions from the results shown in Table 3 Comparison of the 
reactions indicates that a number of infants at each age differentiated 
the rod of nails from the smooth rod in no uncertain manner, and 
thereby demonstrated a degree of sensitivity beyond that of mere 
contact Tins difference was usually expressed m terms of dis¬ 
comfort, 1 e, fretting, crying, withdrawing and waving tlie arm 
violently. At birth 9 of the 13 infants reacted differently to the 
two rods. The percentage of infants who so responded is too large 
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ter of chance It was noted that the older infants wcic 
er able to rid themselves of the rod of nails once tJiey 
it Freeing the hand of tins rod in the jerky, abrupt 
cal of infants of less than six months is accomplished lu a 
way than at 52 weeks (20) ; neverthelcssj the rod left 
Reactions such as withdrawing, waving the arm and 
dien compaicd with the moie or less commonplace ic- 
hc smooth rod, suggest the possibility of early initiation 
ted voluntaiy activities. Although movements of other 
2 body WCIC not recorded, they were observed to be in 
h the movements of the stimulated hand. Records of the 
4 infants of 28 weeks arc included m the table. 

FS TO Light Pressure Stimulation or the Palm 

palms of supine infants vamng in age from birth to 
vere stimulated lightly fiist with a earners hair brush 
ith a lod of balsa wood The stimulus was applied only 
hand was quiet without regard for its position The 
as moved gently against mid palm with no more than 
•s and the responses noted Only nine infants were tested 
2 cause at this age hands are seldom open enough for 
lulation Of these nine infants only four could be tested 
Isa rod without at the same time prying up the fingers— 
e which probably would evoke the "stretcli reaction” 
us experiment was to be avoided. The results which arc 
Fable 4 show that light pressuie stimulation often evoked 
e in the hand, particularly during the first 16 weeks, 
eks wLtlulrawal movements appeared. They increased 
to 32 weeks However, iespouses of varying degrees of 
h as finger movements, partial and full closure, alternate 
i opening of the hand and gripping, did occur. The 
withdrawal responses per age group was much greater 
'^cek^ than before this age. The nun?bcr of gripping re- 
dined after 16 weeks and a sharp drop in closure move- 
irred after 20 weeks These facts are significant in that 
bly indicate the piesence of inhibition in finger closure, 
control of finger movements was further indicated by 
n behavior wliicli occurred at about 20 weeks 'Previous 
vision played no part in grasping responses Now infants 
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began to reject objects winch could not be seen as they were 
presented.® Presentation of the stimulus became the signal for 
the infant to turn his head and regard the stimulus. In spite of 
precautions to prevent vision there were instances in which infants 
managed to see the stimulus as it was brought against the palm. 
(See Table 4 undei Closnte and fftippurg,) It was also observed 
that after 16 weeks many of the movements listed under partial 
closure, finger movements and alternate flexion and extension were 
accompanied by withdiawing the hand from the stimulus In ad¬ 
dition thcic were certain behavioial fcatuies which served to dis¬ 
tinguish closure from gapping. On light picssurc stimuhition with 
the brush, the fingers often closed to a point within inch of the 
palm and then, upon failure to contact the brush, went to extension 
This pioccss was often lepcated. Frequently the fingers flexed in 
large sweeping movements which cairicd the finger tips close to 
the wiist. Both of these reactions gave the impression of “feeling 
for*’ or reaching for the object (Sec Figure 5A). Closure in these 
instances occurred moie slowly than in the instance of the rods 
used in the previous experiment wliercin no attempt was made to 
stimulate with light pressure. Extended testing with tlie brush 
showed that in at least 50 per cent of the grasping instances 
closure or partial closure (without gripping) was evoked by Cisreful 
stroking of the palm, It was easier to evoke closure without 
gripping in infants who were passive or who had just been fed 
than in infants who were active or hungry. In this connection 
Peterson and Rainey (37) report that stimulation by a camefs 
hair brush met with only indifferent success jn eliciting gmsping 
responses. The results indicate that for about the first 16 weeks 
closure is almost wholly reflex in natine and that after this 
age it gradually becomes voluntary. 

The effect of thickness of the stimulus object on grasping was 
tested by stimulating the palm of infants first with a cvhndiical 
balsa rod 1 cm. thick, and then with a balsa paddle only 2 mm 
thick. The results of this test on 47 infants varying in age from 


“It IS often difficult to distinguish reflex grasping from voluntary grasping 
in some infants at 16 to 2+ weeks At ond time they will close immediately 
on an object placed against the palm At another time they will close 
immediately on the object only when the object is within their range of 
vision 
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TABLE S 

Comparative Respomses to Light Pressure Stimulation of the Palm by 
Balsa Rod and Paddle 


No of 
jnfanta 

Stimulus 

No 

response 

Responses 
Alternate 
Closure flexion & 
only extension 

Closure 
followed by 
gripping 

47 

Balsa rod 
(diam 1 cm) 

8 

12 

S 

22 


Diilsa pnddic 
(thickness, 2 mm) 

13 

23 

4 

7 


6 to 15 weeks are presented m Table 5. The responses indicate 
that closure liequently was followed by gripping when the 1 cm. 
10(1 was used and that closure without gripping occurred more fiC’ 
quently than gripping when the paddle was the stimulator, Here 
again it was observed that in the case of the paddle the fingers 
of the stimulated hand first flexed until their tips were just short 
of tlie paddle which lay flat against the palm and then leturned 
to partial extension. In the instance of the 1 cm, rod this same 
amount of flexion earned the finger tips against the rod and grip¬ 
ping often followed. If the finger tips had reached the paddle, piob- 
ably gripping would have ensued. Probably the fingers upon palmar 
stimulation must find something to grip before they will exercise 
this function. In passing, it may be added that while infants may 
vary greatly in their responses from moment to moment, some of 
this variable behavior is undoubtedly the lesult of falluie on the 
part of the experimenter to control conditions under which stimuli 
arc presented, 

CItnic of Child Devehptndit 

Yale Untversiiy 

New Haven, Conueclicnt 



STUDIES OF THE GRASPING RESPONSES OF EARLY 
INFANCY* IL» 

The Ytilc Ctxmc of Child 


H M. Halverson 


Clinging Strength 

The appaiatus used in measuring the clinging strength of a hand 
consisted of a spiing balance scale from which was suspended a 
small stirrup with a giasping rod of wood.® Tlic balance scale read 
to 25 lbs, in Ih, divisions. The grasping lod mcasiued 1 cm m 
diameter and 10 cm m length, A ridei was attached to tljc scale 
in such a manner that it operated with the pointer and icgbtcrcd 
the maximum pull after the spring was icleascd. 

The spring balance scale was also used foi testing the clinging 
strength of both hands togethei. The small stirrup was replaced 
by a large brass stirrup The grasping surface which was covered 
tightly with cloth tape, was 1 cm in diameter and 25 cm in length. 

Selection of the rod was made only after careful study Inasmuch 
as there is sufficient evidence now at hand to believe that the clinging 
strength exhibited by infants depends largely on the diameter of the 
lod to which thev cling v>P 430-434), it was finally decided that 
the diameter of the rod should be determined on the basis of finger 
length, The average length of the middle fingei of these infants fiom 
biith to 24 weeks is 3 2 cm Thus infants can just comfortably flex the 
fingeis about a 1 cm. rod without digging or flattening the tips into 
the palm. 

The strength of the clinging response was obtained for cad) liand 
and for both hands together The order of testing was; right hand, 
left hand, both hands, A rest interval of two minutes separated the 
trials In all instances the experimenter first placed tlie stiinip in 
the palm of the supine infant and then drew the infantas hand upward 

•Accepted for publiration bv Arnold Geseil of the Editorial Hoard, and 
received in the Editorial Olhee on March 2+, 1937 

^Sherman, Sheroi.'ifi, and Flory (47) Used this type of apparatus, The rod 
to which the infant cUing was much smaller in diameter than the one used 
m the present experiment 

■^Anthropometric data on the length of hands and fingers will appear in a 
later paper 
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at arm^s length. Inasmuch as infants often flex the fingers over the 
thumb, uniformity of posture in holding the rod was obtained by hav¬ 
ing the thumb flexed against the dorsum of the forefinger. Before 
the infant was lifted, the experimenter made certain that the proximal 
interphalangeal joints of the three longest fingers were directly 
above the rod. The stirrup wns pulled slowly and steadily upward 
until the grip was broken. An assistant gave her entire attention to 
protection of the infant from falling. No infant was permitted to 
support Ins entire weight with one hand for more than 10 seconds 
in any experiment 

The experiment was conducted between feeding periods on wide¬ 
awake infants At least two hours elapsed after the feeding period 
before an infant was tested. The work was concluded a half-hour 
before tlie next feeding period Crying infants were rejected. 

Table 6 shows the mean strength of the clinging response accord¬ 
ing to age and sex Age, sex and number of infants in each group are 
indicated at the left of the table The mean weight of infants per 
group IS stated in grams. Mean clinging strength is shown for right, 
left, and both hands, first in number of grams of weight supported 
and second in terms of per cent of body weight supported The num¬ 
ber of infants who supported their entire weight is indicated in the 
extreme right hand column The measures on per cent of body mass 
supported are of as great value as the number of grams supported 
in comparing clinging strengths of the successive age groups because, 
while information of the actual clinging strength of the infant is 
important, the relation of the stiength of this response to the body 
weight (size) of the infant carries greater significance in view of 
tile fact that the amount of weight supported before the critical point 
m body suspension is reached operates to the advantage of the larger 
infant (see p. 398) 

I f the arm of the mfant is not iiv extension when the pull on the 
stirrup is initiated almost any response may be expected from 0 to 
maximum stiength With full arm extension the clinging response 
seldom fails to function, and as the strength of this response is always 
obtained by experimenters under conditions of arm extension there 
IS no good reason why the experiment should not be so initiated 
(Sec Figure S C and D) In other words, install at once, as closely 
as possible, the situation as it is at the time the record is taken, instead 
of progressing through the several stages of arm extension, each 
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stage oi which shows a gradual increase in the strength of the grasp 
or some other variation in its strength or posture. 

Inasmuch as all records of weight and strength were in pounds 
and ounces avoirdupois, per cent of body mass supported was com¬ 
puted from these records before they were converted into grams 
Females outnumbcied the males at all ages, because of the scarcity 
of boy babjes at the institution at the time of the experiment. 

According to Table 6 and Figure 1 the mean strength of the 



Mean Strength (cs ) or Bilateral and Unilateral Clinging Responses 
According to Age 

bilateral clinging response increased from 2836 g. at birth to 5026 g. 
at 24 weeks after which there was a veiy rapid decline in the strength 
of the response The mean stiength of this response for the right 
hand increased from 1952 g, at birth to 2544 g. at 8 weeks, diminished 
to 2100 g. at 12 weeks and then increai>ed again until at 24 'weeks it 
attained 2827 g. The clinging strength of the left hand at the dif¬ 
ferent age levels closely approximated that of the right hand. How¬ 
ever, the left hand in general showed greater strength throughout 
(Table 7) and attained its maximum stiength at 20 weeks. 

If now the strength of the clinging response is considered in terms 
of the per cent of body weight supported in bilateral clinging 
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TABLE 7 


Age ] 

No 

infanta 

No times clinging strength is greater for 
Right hand Left hand 

Clinging strength 
for 

both hands equal 

0-7 Days 

15 

10 

6 

3 

4 Weeks 

13 

s 

7 

1 

8 " 

12 

4 

7 

I 

12 

12 

3 

7 

2 

16 " 

13 

6 

6 

1 

20 

14 

3 

11 

0 

24 '' 

14 

6 

7 

1 

Total 

97 

37 

51 

9 



Mean Strenqth of Bilateral and Unilateral Clinging Responses in 
Per Cent of Body Wfigiit Supported 

(Table 6 and Figure 2) infants from birth to 12 weeks supported 
more of their weight (83 4% to 86.7%) than did older infants. 
On the whole, infants up to 24 weeks supported more than 70 per 
cent of their weight with both hands Up to 8 weeks the right hand 
alone supported more than one-half the body weight, and from 12 to 
24 weeks more than 40 per cent of it. The left hand generally was 
somewhat superior to the right in this respect. In all instances dimin¬ 
ution in the strength of the response occurred rapidly after 24 weeks 
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From 28 weeks to 52 weeks some infants failed to react by clinging, 
others showed vestiges of the response, while a few showed the 
responses to a marked degree at 36 and 44 weeks Only one infant 
at 52 weeks gave indication of the piesence of the response, a weak 
cling of 605 gs with the right hand. 

The full strength of the response for infants who succeeded in 
supporting their weight was not determined. It was evident that 
some of them could have supported considerably more weight than 
their own mass, Hence the mean strength recoided for each age 
group, wherem one or more infants supported themselves, must be 
interpreted as less than the actual mean strength. When the strength 
of the bilateral clinging response was considered with respect to the 
number of grams lifted, Figuie I shows that up to 24 weeks the older 
infants wcie supeuor to the younger ones However, in view of the 
above statement that the full stiength of infants is not known, it is 
clear that when two infants, one large and the other small, have 
equal clinging strengths, greater than that required to sustain the 
weight ot the larger infant, then under the conditions of the experi¬ 
ment the larger infant, as fc^r as the record goes, will show to better 
advantage simply because his body mass more nearly approximates 
his clinging stiength It seems probable therefore tliat this advan¬ 
tage in strength by the older infants is more apparent than real 

Another advantage for the older infant is that a greater weight 
is thrown on the stirrup before any outstanding change occurs in the 
posture of the clinging infant The most critical period m support 
by clinging is the point when the shift in support of the greater 
portion uf the body mass passes from the platform to the hands. As 
an infant is slowly lifted flora the horizontal toward the vertical 
plane, the shoulders, head, buttocks and finally the feet leave the 
platfoim. Now an infant can be raised to the point wheie only but¬ 
tocks and feet are on the platform without unduly disturbing him, 
whereas clearing the buttocks and feet from the platform not only 
greatly affects body postiiie but also introduces sway. The amount 
of body weight to be lifted in order to biing the infant to the point 
where the buttocks and feet still remain on the platform is greater 
for the older than for the younger infant and therefore leflects 
to the advantage of the older infant. In clinging by one or both 
hands breaking of the grasp usually occurs between the time when the 
buttocks arc beginning to rise and the time at which they clear the 
platform. 
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With the older infants enjoying these advantages it is reasonable 
to assume that per cent of body mass supported is a better measure 
of the comparative strength of the clinging response at successive 
age intervals than is actual weight supported, 

Bilateral support of the entire body weight occurred more fre¬ 
quently from birth to 12 weeks than at later pciiods During the 
first week of life 32 per cent of the infants supported tliemselvcs in 
clinging At foul weeks the number who fully supported themselves 
was 46 per cent, at eight weeks 42 per cent, at 12 weeks 25 per cent, 
at 16 weeks 8 per cent, at 20 and at 24 weeks 21 per cent, at 28-36 
’weeks 19 pei cent, and at 44-52 weeks 0 per cent Of the 5 Infants 
in the 28-36 weeks group who supported their full weight 3 were 
28 weeks of age, 1 was 32 weeks of age and 1 was 36 weeks of age. 
Neither the manner of acceptance of the rod nor the nature of the 
clinging differed from tliat of the very young infants, It is not 
exactly astonishing to find this response functioning at 36 weeks, when 
records (20) show that infants of this age experience difficulty in 
releasing small objects as pellets, I-inch cubes and balls which they 
voluntarily grasp. This fact only emphasizes the distinction between 
closure (flexing the fingers on objects) and tightening (stretch- 
reflex or resistance to finger flexion). 

Of the 97 young infants (24 weeks or less) 27 were able to 
suppojt their own weights fiom the 1 cm. rod with both Imnds, Of 
the 39 older infants 5 supported themselves Two infants supported 
their weights when clinging by one hand, one at 4 weeks by the right 
hand and one at 12 weeks by right and left hands in turn 

Advantage in clinging strength was pretty well divided between 
the sexes (Table 6 and Figure 3) In both unilateral and bilateral 
clinging the records for all 9 age groups show that the giils led the 
boys in 13 instances and that the boys led tlie girls in 14 instances 
Figure 4 presents graphically the strength of the response by the left 
hand of girls and boys Inasmuch as the curves for right and left 
hands are much alike, that of the right hand is omitted. It is noted 
(Table 6) that for the girls the left hand was the dominant hand at 
all stages except the youngest age group. Left hand dominancy in 
clinging strength for the boys appeared only at 12, 20 and 28 weeks 
Scarcity of records at each age argues against reliability of the results 
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FIGURE 3 

Mean Strencih or Bilateral Ci ingino Response in Per Cent of Body 
Weight Supported According to Sex 



figure 4 

MtAN Strength of Unilateral Ci ingino Response (Lett Hand) in 
Per Cent of Body Weight Supported According to Sex 





H. M IIALVBRSON 


401 


TABLE 8 

Ranch of Strength of Clinging Responsp According to Age 


■- 



C1 1 iigingStiength (Grntns) 

7c 

Weight Sustained 

Arc 

Sex 

Weight 

R Hand 

LHiind 

Both Hands 

R Hand 

L Hand 

Both Hands 

Birlh 

K 

2855 

1361 

1247 

1928 

37 

31 

51 



4224 

3402 

29+8 

1324 

81 

78 

lOD 


M 

2863 

1134 

794 

1588 

33 

23 

42 



2910 

3402 

3402 

3910 

87 

87 

100 


B 

2835 

1134 

794 

1588 

33 

23 

42 



4221 

3402 

3402 

4224 

87 

87 

lOO 


F 

3317 

1582 

1701 

2608 

39 

45 

65 



5216 

3742 

4196 

5216 

100 

89 

lOQ 

4 

M 

3402 

1474 

1247 

2195 

32 

27 

54 

Weeks 

4734 

3175 

3742 

4734 

86 

79 

lOQ 


R 

3317 

1474 

1247 

2495 

32 

27 

54 


5216 

3742 

4196 

5216 

100 

39 

100 


F 

3771 

1701 

1701 

2195 

36 

36 

53 



4990 

3175 

4196 

4479 

81 

54 

100 

g 

M 

4366 

2268 

2495 

3742 

46 

51 

76 

Weeks 

5528 

4309 

4196 

5S28 

78 

76 

100 

B 

3771 

1701 

1701 

2495 

36 

36 

S3 



5528 

4309 

4196 

552S 

81 

94 

100 


F 

3685 

907 

1021 

3062 

18 

16 

62 



6209 

5131 

5131 

6209 

100 

iOO 

too 

12 

M 

4366 

1134 

1814 

3175 

20 

32 

57 

Weeks 

5613 

3289 

3513 

4366 

75 

31 

100 

B 

3685 

907 

1021 

3062 

18 

16 

57 


6209 

5131 

3131 

6209 

100 

100 

lOO 


F 

3997 

1701 

1538 

2835 

30 

31 

67 

\6 


6209 

3969 

4423 

5783 

6+ 

77 

lOO 

Week! 

M 

4763 

5812 

1928 

3402 

1021 

3515 

2041 

4536 

40 

63 

21 

68 

43 

88 


B 

3997 

1701 

1021 

20+1 

40 

21 

♦3 



6209 

3969 

4423 

5783 

64 

77 

100 


F 

4961 

1361 

3161 

2495 

22 

27 

45 

2D 


6407 

5897 

4876 

6094 

97 

84 

lOO 

Weeks 

M 

5557 

6067 

2041 

3402 

2835 

3856 

3402 

6067 

3+ 

61 

50 

64 

58 

100 


R 

4961 

1361 

1361 

2495 

22 

27 

45 


6407 

5897 

4076 

6091 

97 

84 

100 


F 

5783 

1588 

1474 

1814 

31 

23 

29 

24 


6577 

2722 

2948 

6152 

47 

74 

too 

Weeks 

M 

6209 

7513 

1928 

6464 

1134 

6570 

3742 

7513 

28 

86 

16 

75 

53 

100 


B 

5783 

1588 

1134 

1814 

28 

16 

29 

2i-i6 

F 

7513 

5812 

8108 

6464 

0 

3856 

5670 

0 

5330 

7513 

U 

7569 

86 

0 

62 

75 

D 

81 

100 

n 

100 

4 1 

Weeks 

M 

B 

6719 

7484 

6209 

8108 

0 

4196 

0 

4196 

1588 

3969 

0 

S330 

2835 

7080 

0 

7569 

0 

56 

0 

62 

23 

S6 

0 

B1 

35 

lOO 

0 

100 

44-52 

Weeks 

F 

M 

B 

7995 

9299 

8250 

10584 

7995 

10584 

0 

3402 

0 

2608 

0 

3402 

0 

4536 

0 

2268 

0 

4536 

0 

612+ 

0 

2608 

0 

6124 

0 

39 

0 

29 

0 

39 

0 

52 

0 

22 

0 

52 

0 

70 

0 

30 

0 

70 
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for the boys However^ when the total rccoids of the boys aic con- 
sideicd without respect to age, left hand dominaiicy is indicated 

Table 8 presents the range of the weights of the infants by age 
groups It also shows the range of tJie strength of the clinging 
response for right, left, and both hands m grams and m per cent of 
body weight supported. The records indicate that although the 
strength of the clinging response varied conskteiably for each of the 
9 age groups, on the whole the range of the measuics was greatest 
for the older infants. 

Classification of infants over 24 weeks of age into two groups of 
28-36 weeks and 40-52 weeks respectively was a puicl 3 '' aibitrarv 
procedure Table 9 shows these older infants in their proper age 
groups. The number of infants in three of the groups is sufficiently 
great to give significance to the results winch indicate a rapid weak¬ 
ening in the average strength of the early clinging response from 28 
to 32 weeks, followed thereafter by a gradual weakening The 
range of the measures shows that at all ages there were some infants 
who gave no clinging response. Table 10 shows the nature and 
frequency of negative responses to clinging. 


TABLE 10 

Nature op Nfcative Responses to Cli-ngino 



28 

Age in weeks 

33 36 4+ 

52 

No of infants in group 

12 

10 

5 

9 

3 

No of infants exhibiting no clinging; response 
No« of infants falling to cling when rod is 

1 

2 

1 

2 

2 

applied to both hands simuJtnncousJy 

1 

5 

3 

6 

3 

No of infants failing to cling with 1 hand only 
No of infants failing to cling with either 

Z 

3 

1 

0 

1 

nght or left hand alone 

I 

2 

1 

3 

2 


Strength op the Clinging Response in the Individual 

Fingers 

The appanitus consisted of a spring balance scale of 2000 grams 
capacity with 25 gram divisions, from which suspended a cord loop 
For the stronger infants the scale used in the previous experiment 
was called into service These two balance scales had previously 
been checked for accuracy. The diameter of the cord was 3/16 of 
an inch, somewhat less than one-half the diameter of the grasping rod 
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of the stirrup previously used It seemed inadvisable to use a grasp¬ 
ing surface larger than the cord. An object of greater diameter not 
only forced the finger out of line with the others but also slipped 
too easily from grasp The cord could be placed around a finger 
without interfering with flexion of the other fingers The procedure 
consisted in placing the loop mound a finger exactly at the terminal 
joint, extending the arm vertically as in the preceding experiments, 
and then pulling the loop slowly uDwaid in direct line with the fore¬ 
arm and metacarpals until the finger released the loop. A rider on 
the balance scale indicated the maximum amount of the resistance 
of the finger. 

Preliminary tests on determining the strength of the fingers in 



FIGURE 5 

(A) Finger closure in response to light pressure stimulation by 15 weeks boy 
Note extension of terminal joints and aloofness of foiefingei (B) Girl 
infant, 3 days old, lying laterally Both hands grip strongly (C) Boy, 
S weeks, grasping rod loosely before it pulled (D) Same boy after 
rod is pulled upward. Note tightening of grip 
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clinging rendered considerable inlormation on the manner in which 
the fingers yielded under strain* The posture of the entire hand on 
the stirrup was first observed. The loop was placed at different 
points along the finger to note the yielding of the joints under the 
pull, The direction of the pull with respect to the plane of the 
hand and the effect of the stiain upon the infant came under consid¬ 
eration For example, when the loop encircled the finger at the 
proximal intcrphalangeal joint a pull on the cord not only pinched 
the pad of the second phalanx but scraoed the finger in slipping. The 
finger yielded first at the metacarpo-plialangeal joint and then re¬ 
sisted until additional strain forced extension at the other joints 
The fact that the finger yielded twice indicated a change in leverage 
winch probably jarred the subject. Placing the cord midway of the 
second phalanx produced equally bad results. When the loop was 
placed midway of the terminal phalanx and always pulled in a line 
perpendicular to this phalanx, the proximal joints gave suddenly 
under the strain, leaving only the terminal joint flexed. Eventually 
the finger was pulled back instead of up, because the terminal joint 
did not give until the finger was pulled far back out of line witli the 
metacarpals A pull on the terminal phalanx in line with the 
metacarpals caused the loop to slip off the finger The most satis¬ 
factory place for the loop was at the terminal joint because the two 
more pioximal joints yielded without disturbing the position of 
the loop. The pull can always be directed in the line of the fore¬ 
arm and metacarpals, which closely approximates the direction of ten¬ 
sion in clinging to a rod with one or both hands The thumb pre¬ 
sented a special problem. The pull on this digit was directed in a 
line corresponding to the line of its extension on opening 

Table 11 presents in grams the mean strength of the individual 
fingers for each age group from biith to 24 weeks. The range of the 
measures from which each mean was obtained appears in the cell 
below that mean. Age, number of infants of each age, and fingers 
tested are indicated The mean average strength of each finger 
for all groups appears at the bottom of the table. 

According to this table tests of the strength of the clinging re¬ 
sponse in the individual fingers show that the middle finger offered 
the greatest resistiance to extension with the ring finger a close 
second In fact, the ring finger on two occasions, right hand at 8 
weeks and left hand at 12 weeks, actually surpassed the middle 
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finger in dinging sticngth. The forefinger was a pooi third with 
the little finger and thumb following in order The middle and ring 
fingers resisted opening with a force so much greater than that ex- 
Jijbjted by the others that no one can doubt that these two fingeis 
play the major role m contributing to the sticngth of the early cling¬ 
ing response of the hand* Figuie 6 shows the mean average strength 



FIGURE 6 

Mean Average Strekcth in Grams op Each Finger for ail Age Groups 

of each finger for all age gioups The curves clearly indicate the 
superiority of the middle and ling fingers in clinging strength and 
show that of the corresponding fingers of the two hands, the left 
finger in each instance surpassed the light bv a slight margin 

Comparison of Tables 6 and 11 shows that the ratio of the cling¬ 
ing strength of the individual fingeis to that of the hand is. middle 
finger 47 per cent, ring finger 44 per cent, forcfingci 30 per cent, 
little finger 27 5 pei cent, and thumb 22 5 per cent, Thus the 
middle and ring fingers each resist extension with a force almost 
one-half that of the hand, while the other fingers evert a foice 'which 
IS about one-fifth to one-third of that of the hand However, this 
comparison is not entiiclv justified because the clinging strength of 
the hand and individual fingers were obtained witli rods of different 
diameters 

What cxplfination may be given fer the outstanding supenoritv 
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in clinging strength of the middle and ring fingers and for the rela¬ 
tively strong resistance to extension exhibited by the little finger. 

Judgments of strength are often based on size On this score 
the forefinger should exhibit a strength closely approximating that 
of the ring finger The short thick thumb probably should surpass 
all others m strength. The explanation must lie elsewhere It has 
already been pointed out (21 ) that the thumb and forefinger do not 
always lespond in reflex grasping with the three ulnar fingers. Re¬ 
sistance to extension by thumb and forefinger therefore will at times 
be strong and at other times weak or entirely absent. As a matter 
of fact this IS what the records show On the other hand, the three 
ulnar fingeis lend support to one another in opposing extension. 
Attempts to straighten one of these fingers is resisted not only by in¬ 
crease in strength of flexion by that finger but also by incieased ten¬ 
sion of the flexors of the other two fingers Tlie flexor digitorum 
profundus is the muscle which contracts the terminal \Q\nt^ of the 
fingers, This muscle mass consists of three parts. One part, the 
flexor poUicis longus, arises from the radius in the proximity of the 
elbow and passes to the thumb, another arises from the interosseous 
membrane between the radius and ulna and extends into the fore¬ 
finger, while a third has its origin in the ulna The latter part de- 
vides m the palm to send a branch to each of the three ulnar fingers. 
The anatomical arrangement of these divisions of the large flexor 
muscle explains in part the independence of flexion of the thumb 
and forefinger and the lack of functional independence of the three 
ulnar fingers in closing and in resisting extension. It is very prob¬ 
able that, by virtue of this close nnatomical connection between the 
terminal flexors of the three ulnar fingers, a ‘^ulF* which evokes the 
"stTctch" reflex m one of the fingers also sets off the ^'stretch” roflex 
in the other fingers. 

Hand Pressure in Response to a Yielding Object 

The purpose of the experiment was to determine how the early 
grasping response functions when the stimulating object yields to 
pressure by the hand 

The apparatus was as follows. A small sensitive rubber capsule 
enclosed within a tight-fitting silk sack communicated hydrostatically 
With the water column of a vertical glass tube. The capsule re¬ 
sembled a hot water bottle and its inflated size was 4 5x1 8x1.5 cm 
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The silk sheatl? prevented distention of the capsule beyond these 
dimensions. A thick-wallcd rubber tube, % inch diameter, con¬ 
nected the capsule with the vertical glass tube The latter was 
fastened to a board which could be raised or lowered A paper 
scale back of the glass tube was calibiated to give pressure readings 
in 3 g. divisions. (All pressure icadmgs are in terms of gs per 
sq in )* The height of the watei column above the infantas hand in 
this case (31 cm.) was enough to cause a pressure of 200 gs. within 
the capsule Thus the infant had to overcome this initial picssure 
(pressure threshold) before any pressure clianges could be observed 
in the water column To calculate the total hand pressure 200 gs. 
must be added to the scale readings 

The infiint lay on a 1-mch thick cloth pad on the table top, 
Undci the conditions of the experiment the infant’s arm was extended 
upward.® He was not permitted to grasp anything When he was 
quiet the capsule was placed transversely against mid-palm so that 
the tips of the fingers would flex against the capsule When the hand 
was partially open the capsule was inserted without difficulty When 
the hand was closed the fingers were opened by the experimenter. 
No infant attempted to pull on the capsule in an effort to raise 
himself, 

Experimentation required the presence of two persons, one ap¬ 
plied the capsule to the infant’s hand, the other noted the pressure 
Records of hand pressuic covered a 10-second pcjiod A few cincm.T 
records were made of the movements of the water column. 

The piessure required foi complete collapse of the capsule amounted 
to only 339 grams. Only one infant deflated it and he immediately 
relaxed his grip. Grasping does not as a rule occur in a jerky or 
convulsive manner, and, although clonic finger movements occur 
infrequently duiing holding, the act of grasping resembles more a 
tonic muscular contraction. 

The manner m which young infants compress n yielding object 
vanes somewhat with the individual and is probably not a function of 
age at this stage of life, There Is, of course, an initial pressure when 
the fingers first close on the capsule This is usually followed by 
holding which consists of one or more successive adjustment pressures. 


*Thcse unorthodox pregsure readifigs nia> be converted into cm HiO by 
dividing by 6 46 

^Inasmuch as postural changes of the arms and trunk probably affect the 
strength of the grasping response, the nrm of the supine infant In all in- 
srances was brou^bl to thi<» posjtioji 



410 


'fOURN VL or GElsrPTIC PSYCIIOTUOGY 



^ i S 

s-t 

«■« s s 

^ “ 2 S 

o,P< 

''7^ rt y 

s ■'^ 


5!g 8 S -u^ 


S S-uS S 

-v-t <n ^ a 7? ^ 

S g I 

-wj; a ^ 

PI o o S 

S'+-' 2 2»-J 

£ S 

2 ” 

3£|i-« 

►—■ 


a S' «-> 

o 3 1 

M l-i _,(33 

« S 5>>t3 


S’-i o-“ 
g*S S 3 «, 
S 8^^ 3 

_ 3 *tS «« 

n: «j *Xd «> Si’ 
r£ *" «Lj 3 5? / 
- S? e 
o is ^ n 


^»J, O bD 

S o o c 

o <J o JJ 1-4 

<£3 ^ I- ii 

OT <u >s +j p 

•h ^ «n « 

'frt 5 'td S 

o « £ Cl 

1-^ 04 O ^ 



All ages 



H M IIALVKRSON 


411 


Table 12 presents six captions indicating the manner in which in¬ 
fants ukc and hold the capsule. The pattern of pressure for both 
hands is shown in their respective columns under the captions 
R (right) and L (left). 

In eight instances infants closed forcefully on the capsule with 
a pressure of more than 50 gs. above the threshold and maintained 
a firm grip tliiougliout In 34 instances strong initial pressure 
(above 50 gs ) was followed by gradual diminution of pressure. In 
42 instances strong initial pressure was followed by fluctuating 
pj cssure. Weak jnitia] pressure (below 50 gs ) was succeeded by 
continued weak pressure in 36 instances, and by fluctuations of press¬ 
ure m 59 instances, and by continued strong pressure m only one 
instance In summary, weak or strong initial pi assures were suc¬ 
ceeded ill most cases by fluctuations of pressure and frequently by 
constant weak pressure There weic few instances of continued 
strong pressure 

No manifest differences in pressure lesponses of infants of the 
several age groups appeared and no clear cut distinctions could be 
drawn between types of pressure by right and left hands 

Table 13 shows the distribution of initial pressures by both 

TABLE 13 


Distribution of Initial Pressures dy Aob Groups under Three Classipica- 
TiDNs, Bliow 40, 40-80 Grams, and Above 80 Grams 
Both right nnd left hand pressures are included. 


Age m 
weeks No 

of infants 

Amount of initial pressuie 
0-40 Gs 40-80 Gs 

above threshold 
Above 80 Ga 

0 

13 

13 

12 

1 

4 

13 

7 

16 

3 

8 

12 

11 

11 

2 

12 

11 

7 

10 

5 

16 

10 

4 

12 

4 

20 

14 

17 

5 

6 

24 

12 

16 

7 

1 

28 

5 

5 

3 

2 

All ages 

90 

80 

76 

24 


hands of infants fiom biith to 24 weeks. Five cases at 28 weeks aie 
included in the table Three pressure levels are indicated, low, 
0-40 gs, high, 40-80 gs., and unusually high, above 80 gs 

In geneial, high initial piessurcs predominated from biith to 16 
weeks After 16 weeks low pressures prevailed. These results may 
be accidental or they may indicate an inhibitory adjustment m 
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amount of hand pressure to weight or resistance of the prehended 
object (9, p 130)- The records also indicate that in ^ of the 
cases strong or weak pressure by one hand was followed by a cor¬ 
respondingly strong or weak pressure by the other hand* 

Peculiarities of grasping the capsule occurred. In many cases the 
capsule was grasped immediately, in many cabcs it lay against the 
palm for a time before the fingers closed on it. Grasping with 
strong piessurCj as well as grasping with little pressure, took place 
under conditions of immediate or delayed response. In several in¬ 
stances initial grasping was of a 24evel type, i e ^ light pressure 
followed immediately by strong pressure 

Aftci grasping the capsule the infants lield it in diverse ways, 
Table 14 presents a classification of the mannei of holding in terms 
of successive pressure ranges. There were two instances in which 
infants gradually relaxed then grip until the pressure reached the 
zero point, At each age there were infants who maintained a 
steady pressure (of less than 15 gs. fluctuation) on the capsule. 
Marked fluctuations in picssure, however, predommated. Sometime's 
the fluctuations were so irregular with respect to time and amount 
that further classification was not warranted On the other hand, 
for many grasps, a succession of two or more definite pressure 
plateaus appeared These successive plateaus indicate that an (nfant 
maintained a more or less constant pressure on the capsule for a 
time and tlien readjusted his pressure to approximate a different 
level. In this way from 2 to 6 well defined levels frequently appear 
during ji single hold Table 14 lists the number of levels which 
were found and the frequency with which they occurred foi the 
different age groups. No significant conelation between holding 
prcssuie and age is apparent. Hand dominance in pressure is not 
indicated 

In summary, infants may grasp a solid rod lightly or with great 
force In the latter instance the resistance offered by the rod to 
the flexor tendons of the hand, besides being constant is sufficient 
to evoke the proprioceptive reflex. In grasping a yielding object 
the situation is one in which the *‘glve“ and "‘check” of the capsule 
sets up a rivalry between the physiological forces of contraction and 
extension The result is an alternate tightening and relaxing of 
the grip until some more or less permanent adjustment of hand 
pressure to capsule is established. 
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Number of Distinct Successite Pressure Levels Above Threshold 
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Finger Pressure in Response to a Yielding Ohject 

The foregoing experiment was repeated on the individual fingers 
because observations on the early grasping response show that the 
fingers do not close with equal force (21, 35) upon the stimulating 
object 

The apparatus was essentially the same as that used m determin¬ 
ing hand pressuic. A small cylindrical-shaped lubber capsule, 6 cm 
long and 8mm m diamctei, replaced the hand capsule, This second 
capsule, also silk sheathed, lay in a semi-cylindrical, copper trough 
so that when it was inserted longitudinally into the palm only the 
finger whose pressure was to he determined could press against the 
capsule. The adjacent fingers in closing flexed past the sides of 
the trough. The diametei of the capsule was slightly greater than 
the diameter of the largest finger tip of any mfiint 

The capsule was presented so that the finger when flexed lay 
in line with the capsule In all other respects the procedure was 
the same as in the preceding experiment The order of presentation 
was forefinger, middle finger, ring finger, little finger, and thumb 
If a fingei faded to respond to stimulation (touching the capsule to 
the palm), the experiment pioceedcd with the next finger in order 
until all fingers had been tested The non-iespondmg finger, usually 
the thumb or forefinger, was then given a second and, in some 
instances, a third testing Pressures were recorded over a 5-second 
interval Figures shown in the table were taken when pressure 
was steady If the pressure gradually diminished, the highest pres¬ 
sure was recorded m the tabic. I'he pressure threshold again was 
200 gSi> hence this amount must he added to the scale readings to 
obtain the total finger pressure 

In Table 15 aveiagcs for the age groups show that the middle 
and ring fingers surpassed the other with respect to amount of pres¬ 
sure exerted, (The middle finger was slightly superior in this 
regard,) Next in line came the forefinger and little finger, and 
finally the thumb. Potentially the thumb may be the stiongest digit, 
but It functions with great uncertainty in eaily grasping. Similarly 
the forefinger should outpress the Little finger, but, inasmuch as this 
reflex response is principally a function of the ulnar fingers, the 
results .'ire actually in harmony with predictions (21, 35). Com¬ 
parison of pressures for corresponding fingers of right and left hands 
shows a right hand dominance for the 3 ulnar fingers The fore- 



TABLE 15 

Average and Range of Finchr Pressure for the Individual Fingers® of Right and Left Hands in Grams above 
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fingers aie evenly matched^ yvIuIc the left thumb apparently functions 
slightlv strongei than the right thumb. Tabic IS indicates that, 
ns in the case of hand presburc, there is some evidence of inhibitoiy 
adjustment of muscular contraction in tlie early giasping icsponac 
after 16 weeks 

On rrtanv occasions the thumb and foicfingei failed to close On 
othci occasions fingcis closed so lightly on the capsule that no plea¬ 
sure was icgistcied The number of times that the individual 
fingeis of both hands failed to legistei picssuie was as follows, 
thumb 45, forefinger 17, little fingei 16, middle fingei I, and 
ring finger 1 

The thumb and foiefinger showed a definite aloofness fioin the 
other fingers (20, 21) In the case of the little finger failure to 
press was generally due to weakness of closuic Thumb and foic- 
finger frequently lequircd a second oi thiid presentation of the 
stimulus for closuie The middle, iing, and little fingers seldom 
required lepetitional presentation 

Finger Pressure in Response to Objects Which Yield to 
Varying Deghcfs or Pressure 

The preceding cxpeiiment was repeated at five successive piessuie 
levels langing fiom 100 to 1600 grams in geonietiical piogiession 
series. Eight age gioups of five infants each, examined at intervals 
of 4 weeks from birth to 28 weeks, served as subjects. The thumb 
was omitted in tbis study, because of functional difficulties. In the 
first place its location and diiection of Hexion (at right angles to 
closure by the other fingers) are such as to cause the forefinger 
and middle finger to intcrfeie with its closure. Secondly, its pos- 
tuial variability makes deteiminations of pressure by this digit of 
doubtful value 

Table 16 shows the average pressure of each finger toi all age 


'®The cxpcnineiitei was often forced to wait for the forefinger and 
ihumb to respond. At times these hngers fiexed slowly to contact the 
capsule and then stopped. Subsequent trials sometimes evoked a lesponse 
strong enough to register pressure In any event the statement which 
best covers the situation is that these fingers may be depended upon to 
give reactions to palmar stiinulation which vary from negative lesponseti 
to strong gripping In passing it should be stated that although the early 
grasping response la still operative for the first 6 months of life, many of the 
infants at 20 and 24 weeks actually reach for the capsule at its presentation 
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TABLE 16 

Showing thl Aveiragf Pr.fssure above thf Thresiioid Llvh ot- Ealh 
F fNCBR FOR A/L ElGIlT AgC GR0LP5 CoMRINED AT' L VC/I 

or THE Five Pressure Thresholds 


Preasiire tliieshold 
(Gramg) 

2 

Fingers of right hand 

3 4 5 

2 

Fingeis of left hand 
3 4 

5 

100 

8 1 

11 5 

10 5 

7*8 

8,6 

11 3 

10,4 

69 

^00 

8.3 

10 8 

10 4 

70 

7 3 

9 8 

10 0 

4 8 

400 

S 6 

93 

79 

49 

6 7 

10 4 

8 5 

3 7 

800 

78 

11 3 

10 6 

64 

74 

9.8 

3 3 

43 

1600 

14 

27 

18 

04 

1 5 

29 

2 3 

04 


groups combined at each of the five picssuic thresholds Iiuhvidual 
fingers of both liands are designated at tlie top of the table, Picssurc 
thresholds aie shov/n at the left, and fiagci picssuies in the remain¬ 
ing cells of the table. 

As in the previous experiment pressure was lecoidcd in 3-gram 
steps However, an exception to this lule was made at the highest 
pressure threshold which approximates the upper limit of pressuie 
for the fingcis At this level certain infants piessed stiongly enough 
to effect a slight rise iii the watei column but not enough to raise 
it to a point 3 giams above the pressuie level of 1600 grams In 
such instances a picssure of 1 gram was recorded 

At pressure thiesiiulds 100, 200, 400 and 800 grams, the figures 
in the table indicate the pressure maintained bj^ the fingcis after 
the initial adjustment to the capsule. At the 1600-grani threshold 
only one /nfant was able to main tain pressure above the threshold 
level Thcrefoie the figures foi the highest pressure thicshold indi¬ 
cate pressures which were only momentanlv maintained. 

The general pattern of lesponse to the cajisule consi'^ted of an 
initial pressure, usually strong, followed quickly bv a period of 
weaker fluctuating or steady pressuie In most instances the fluctua¬ 
tions ceased at least for a time; in othci instances they continued as 
long as the capsule was held 

Pressure patterns aie determined to a great degree bv individual 
differences in the infants. Some infants always maintained a steady 
pressure on the capsule, others pressed it in a rhythmic fluctuating 
manner; and many others held it with occasional sporadic movements 
of contraction and relaxation of grip. Two infants (20 weeks and 
24 weeks respectively) al’ivaj's gripped the capsule with great force 
and at the two lower thresholds maintained this grip with enough 
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pressure to deflate the capsule completely Incicase in general 
body activity was accompanied by fluctuating rcenforcement of 
gripping pressure, reduction of body activity restored, the pressure 
to Its earlier pressure level. At 28 weeks, probably tlie critical age 
(19) in the transition from so-called leflex grasping to voluntary 
grasping, one infant failed (refused?) to close on the capsule with 
the right hand, although he accepted it readily enough with the left 
hand, The forefinger again showed a partial functional isolation 
from the other fingers. 

Comparison of the average pressuies by each of the 4 fingers for 
each age group^^ shows that in general the middle finger led all 
others m amount of pressure at all thresholds with the ring, fore-, 
and little finger following in succession In 12 instances the ring 
finger outpressed the middle finger, in 1 instance the forefinger out- 
pressed all others and in 15 instances the aveiage pressure by the 
little finger was greater than that by the foiefingci The average of 
all mean pressures for each finger also shows that the middle finger 
exerted the greatest pressure on the capsule with the ring, fore-, and 
little finger following in order. 

Although the groups are small in number for comparative pur¬ 
poses, the younger infants, birth to 12 weeks, outpressed the older 
ones with the exception of the 24-wceks infants If the means of 
the pressure averages for both hands are combined, the amount of 
capsular deflation was slightly greater at the lowest threshold than 
at t/ie other thresholds The amount of deflation as shown by the 
average pressure of all fingers was as follows 

100-gram threshold 9 5 grams 

200-gram threshold 8 6 grams 

400-‘gram threshold 7 2 grams 

800-gram threshold 8 3 grams 

With the exception of the IbOO-giam threshold, it may be stated 
that regardless of the amount of pressure lequircd to deflate the 
capsule, infants only partially depress it The coi responding fingers 
of the 2 hands function with remarkable similarity with respect to 
amount of pressure cYcited on the capsule It appears then that 
finger pressure under the conditions of this experiment is a function 
of the resistance of the yielding object. In other words, the initial 

of space prevent printing of the complete table of finger pressure 
for ihe 8 age groups at the S threshold levels, 



H M. HALVCRSOK 


41f> 


resistance to linger flexion by the capsular pressure is generally 
opposed by a somewhat greater finger pressure 

In the instance of the individual fingcis, as well as the hand, when 
the column of water rebounds, a rivalry between the physiological 
forces of flexion and extension is set up which results in a more or 
less complex alternation of the two reactions The “give’* of the 
capsule apparently serves as an inhibitor on the flexors just as the 
“puir* against them in the proprioceptive response serves as a stimu' 
Ifltor, 

The ‘^givc“ reaction operates under conditions wherein flexion is 
weak or strong The low pressuie capsule gives easily and inlif- 
bition of the proprioceptive response begins at a stage when the 
strength of the response is not yet at a maximum The high pres^ 
sure capsule gives only when the strength of the proprioceptive 
response is considerable Thus, the greater the pressure on the 
capsule by the flexors, the greater also the inhibitory force to closure. 

When finger closure is so weak that the proprioceptive response 
IS probably not evoked, the “give” is restricted to the well padded 
volar finger tip When the “give” reaches a point at which there 
IS outright resistance to the flexor tendons the “stretch” response 
occurs Hand closure in response to palmar stimulation does not 
take place at uniform speed, Fingers at one time flex quickly and 
at another time slowly under conditions which apparently arc similar 
A slowly closing finger usually carries little force and at times comes 
to a stop immediately at contact with an object in its path A fast 
closing finger is almost certain to go to gripping, inasmuch as its 
speed will carry it beyond the pad-yielding stage into the more effec¬ 
tive “stretch” producing stage 

Hand Pressure between and During Feeding Periods 

A 5-minute record of hand pressure of 10 bottle-fed infants, 4 
girls and 6 boys, was made in the morning at the interval mid-way 
between feeding periods. Another record of these infants was taken 
which coveicd the noon feeding pciiod. The latter record began 
five minutes before feeding started and continued throughout feeding 
The bottle was hidden from view during the pre-fceding period. 
The infants used their customary nipples through which the milk 
flowed easily. Feeding periods varied m length from 7^ minutes 
to 14j4 minutes Records of three othci babies ^\ho cried during the 
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course of the expenment 'weic not used All lecoids shown are for 
the right hand 

The apparatus foi legisteiing hand picssuic consisted of the hand 
capsule, previously described, which comnumicatcd by means of 
a tliick-wallcd lubbei tubing, 3/16'" inside diametci, with a uatei 
manometer. A float in the manometer recorded piessuie on the 
duim of a kymograph while a time maikei iccoided iS-sccond 
intei vals 

III all 10 cases the giasping lecoids made during the 5-ininute in^ 
teival m the morning diffeied so little from the letoids made 
during the pie-feeding period that a dcsciiption of the latter lecords 
suffices to covci the giasping reactions at both peiiods. 

Grasping during the 5-minute pre-feeding period was chaiacterized 
by alternate stiong oi weak giipping and paitial ox complete rcleas^ 
ing of the capsule so that the piessuie above the thicshold (200 
mm, HjO) varied betvxcen 0 and 166 mm HoO. The first reaction 
was usually a stiong tonic gup Fiequcncv of contiaction and lelaxa- 
tion of giip vaiiecl with the infants Some infants opened and closed 



FIGURE 7 

1I\ND Pressure ,\.r Fpedino Period 

Hand pressure of a 10 weeks male infant (A) foi 1 minute before feeding, 
(B) for 1 minute at start of feeding nnd (C) during the last minute of the 
feeding period The upper line in each case is the pressure curve, the lower 
line IS the time line marked off in IS second intervals Sucking was almost 
constant throughout the 9J4 minutes required for emptying the bottle Note 
ihc great fluctuations in hand pressiiie before feeding begins, the sudden 
increase ns the bottle is presented followed by the rapid irregular decrease 
during the first 5 seconds of sucking and the more gradual decrease there¬ 
after Note also ilic relative steadiness of hand pressure throughout the 
feeding period 
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the hfind i;ipidly (once oi twice pci second) ; nthois tntlitencd and re¬ 
leased the giip slowiv 7'hc moie lestlc s infacts conti acted and lelaxed 
the fingers rapidly several tunes and then released the capsule. This 
process was lepeated throughout the period. The others, after 
giipping the capsule strongly, maintained a low and slowly fluctuat¬ 
ing pressure with infre^juent partial or complete lelease. Individual 
records ovci the 5-minute pciiod show that the infants at irregular 
intervals maintained pressiuc steadily enough to be classified as 
plateaus (see Figure 7A) Jnciease in body activity was alwai's 
accompanied hy marked fluctuations in hand pressvne at a higher 
piessuic level. 

Concomitant with introduction of the nipple thcie occiiired maiked 
fluctuations in hand pressuic The anticipatoiy opening of tlic mouth 
was accompanied by general incicasc in «ictivitv of the body. The 
rapid changes in muscular tension were reflected in the equally 
rapid movements of band flexion and relaxation. These rapid 
oscillations in hand piessuie quickly subsided as sucking became 
steady and a sharp decline in pressure took place Table 17 shows 
the course of hand pressure duiing the feeding period of each of the 
10 infants The age, sex, duration of the period, and the beginning 
presume appear m order The piessure at the minute interval 
and, aftei that, at the end of each successive minute is lecorded, 
Final pressure, retention or release of capsule, and state of rest of 
the infants at the end of the feeding period complete the table, 
Records of hand pressures taken at intervals between those indicated 
ID the table show that variations occurred which do not appear 
above In general, such variations weic small, Renewed sucking 
usually brought with it a sudden rise in hand pressure which was 
usually followed by a slow decline until the iormcr low pressure 
mark was attained oi the capsule was lelcased. The curve during 
steady sucking lesembles a plateau (sec Figure 7B and C). The 
records show that foi these infants the initial high fluctuation and 
rapid decline of hand piessure were followed either by steady and 
relatively low pressure which diminished slowdv cliuing the feeding 
period, or by one or more successive pressure plateaus each of which 
was preceded by a short iiiegular rise in hand pressure In six 
Instances pressure at the end of the feeding period was below the 
pressure threshold. In four of these instances the capsule fell trom 
the handr in the other two the pressure on the capsule was 
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strong enough to pi event its slipping In the four remaining in¬ 
stances pressures fiom 9 to 44 mm HjO above the tlireshold were 
maintained at the end of the feeding period and in one of these in¬ 
stances the infant was diowsv 

It seems clear that a veiy definite relationship exists between 
satiation and gusping The physiological condition of the organism 
at the beginning of the feeding period when the infant is hungry 
serves as a reenforcing agent to grasping^ whereas the state of the 
organism at satiation appaientiy serves as an inhibitor to forceful 
grasping (39, 38, p 173) Thus, at the stmt of the feeding period 
the infant clutches stiongly at objects within the palm At the end 
of the feeding period he grasps weakly oi not at all. Tlie infant 
also giasps more icadily at the beginning of the feeding period tlian 
at the end Foi example, removal and reinsertion of the capsule 
evoked instantaneous and strong giipping in the instance of six 
hungry infants and only occasionally weak and relatively slow finger 
flexion in the instance of these infants at the end of the feeding 
period. 

The following is a running description of the reaction of the 
right hand of a 10 weeks male infant to the capsule before, during, 
and after the feeding period The record began 10 minutes pre¬ 
ceding the introduction of the bottle, and continued for 15 minutes 
after the feeding period. The actual feeding time was lS ^/3 
minutes, 

In the 10 minutes preceding feeding there immediately occurred 
seven periods of very fluctuating hand pressure ranging from 0 to 
148 mm, H^O Between these periods weie intervals ot low prcbsurc 
plateaus, 22-53 mm H 2 O, The former periods lasted from 8-15 
seconds ; the latter from 7-30 seconds Then followed about 6 miniitc'^ 
of low pressuic (ave 17 mm H 2 O) during which frequent (14) 
small fluctuations and infierjiient ( 2 ) large fluctuations appealed. 

Piesentatioii of the bottle was accompanied by an immediate 
increase in pressuie to 122 mm HitO The picssuic, at hrst vciv 
fluctue'iting, sank quicklj^ (with the interruption of one increase) to 
56 mm H 2 O, after which a slow diminution in pressure brought the 
level to 36 mm H 2 O after 3)4 minutes of sucking A long period 
of lo^i^ steady grasping followed during which time the picssurc 
varied slowly fiom 26 to 48 mm H 2 O, with minor fluctuations 
accompanying changes in sucking rhythm, breathing, or body posture 
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At ]2V| minutes of feeding the pie^suie fell to 0 and lemained there 
for a time FmnlK n stc.idv piessuic of 26 tnm HnO was maintained 
for the last niiniites. 

When the bottle was removed the infant retained the capsule 
^\lth a steady pjcssure of 17 mm HjO (ave ) with occasional small 
fluctuations from 0 to 35 mm HnO At times the capsule lav loosely 
within the naim Howevci, at no time dining the last 15 minutes did 
he oncii his hand and drop the c<apsulc. 

Tliese comparative records of the amount and couise of grasping 
pressure at intervals between, befoie, during, and after feeding 
periods have a distinct bearing on the relationship between the 
activity of the organism at the time of eliciting the lesponse and its 
strength. 

When feeding takes place without apparent frustration of anv 
sort (i e,, milk flows through the nipple in satisfying amount for the 
infant), and no external handicaps, such as removing the bottle or 
shifting his position, are imposed, the infant's movements which 
at the start of the feeding period are probably induced by tlie physi¬ 
ological conditions of hunger, dimmish in number and amount from 
a relatively high state of activity to a more or less passive state, 

Aside from the immediate physiological changes in the organism 
due to the transformation from a state of hungei to a state of satia¬ 
tion, a factor which piobably contributes to the reduction of general 
activity and hand piessure is fatigue A considerable amount of 
muscular energy is expended in the acquisition of food. Sucking 
and crying aie perhaps the two most vigorous activities carried on by 
the infant. In sucking the mouth legion is not the only part acti¬ 
vated The entire organism partakes vigorously in the assault upon 
the food supply The output of eneigv gradually diminishes as 
the point of satiation approaches It appears likely that physiological 
conditions of fatigue account at least in part, for the gradual reduc¬ 
tion in hand pressure during the feeding period Hunger stimulates 
the infant to greater body activity which is icfleeted in increased 
grasping strength Fatigue is accompanied by a decline in activity 
which in the case of grasping is revealed in icduction of hand 
pressure. 

Clwfc of CJnid Development 

Ynie Umvershy 

Netv Haven, Confieciicui 



STUDIES OF THE GRASPING RESPONSES OF EARLY 
INFANCY IIP 
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Relation or Activity and Posture to Grasping 

Can the cxpenmentei by adioit stimulatiun of the infantas hand 
evoke at ^vlll one oi the othei of the components of primitive giasp- 
ing? The answei is that ver}^ often the response desired can be 
evoked. 

Consideration of the physiological conditions underlying the grasp¬ 
ing situation may aid in the explanation The state of activity of 
the infant at the time of stimulation to a great extent deteimmcs 
tlie nature of the lesponsc. These experiments show that the 
active infant is likely to grasp the rod more tightly tlian is the quiet 
infant The infant who lies quietly, his muscles in a state of rest, 
differs pliysiologically from the infant who is constantly in move¬ 
ment^ w^hose muscles arc alternately contracting and extending. 
Especiallj^ is this true wliere aim activit}' is extensive The relaxed 
infant is not *‘set” for quick reactions oi scvcic exeicisc of his 
ncuio-musculatuic, and conversely, the active infant is not 
for slow reactions or loose giaspmg Hj theretole, certainty of 
gripping IS sought, stimulate the palm of the active infant If 
merely closure is wanted, tiy the placid infant 

Although posture is largely determined bv activity or lack of 
activity, the position of the hand gives some indication of the type 
of grasping response which may be elicited Perhaps the posture 
(assumed by the infant and not forced upon him by the expen- 
mcntei) which is most likely to abet loose grasping (closure only) 
IS tlie hand in the vicinity of the shoulder. With the balsa rod as 
the stimulus, the experimcntei was successful in evoking loose grasp¬ 
ing by 31 of 42 infants ranging in age from biith to 16 weeks In 

^Accepted for publication by Arnold Geself of the Editorial Board, ind 
received in the Editorial O/hce on March 2-i, J937 
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other words 74 per cent the infants responded by closing lightly 
on the rod while the 11 remaining infants grasped it firmly A 
follow-up expeuenent on 13 of these infants showed that continued 
stimulation b}' light contact of palm by the balsa rod until four 
grasping responses had been evoked resulted as follows* In 9 cases 
wherein closure alone was the first response, all succeeding responses 
were light closure In 2 cases wherein closure alone was the first 
response, the succeeding responses were 1 gripping and 2 closure 
responses* In 2 cases wherein gripping fust occurred, the other 
responses were 3 successive grippings by one infant and 1 closure 
and 2 giippings by the othei infanL 

The relation of aim position to readiness and strength of early 
grasping lesponscs was studied by holding the aim in picdeteimined 
positions and then inducing the response. There is sufficient evi; 
dence to show that the propiioceptive lesponse, "‘clinging,” induced 
by suspending an infant by its grasp on n horizontal rod, is gen¬ 
erally of great strength Probably this method of evoking the early 
grasping response best illustrates its force and tenacity Does this 
response occur as leadily and as forcefully when the arms are 
extended in other duections^ Naturally the Infant cannot be sus¬ 
pended when its aims arc extended down along the trunk or out lat¬ 
erally. The arms of the supine infant, however, can be moved into 
many positions of extension, and of the possible positions the fol¬ 
lowing wcie selected 

1 . Arm extended upward from shoulder 

2 Arm extended headw^ard. 

3 Arm extended laterally in line with shoulders 

4. Arna extended close to side of trunk 

5. Arm flexed with hand near ear. 

With the infant facing upward, the palm ol: the hand was touched 
firmly but not foicefully with the wooden rod and the immediacy 
and strength of the lesponse noted. If the infant closed his hand 
on the object, the experimenter pulled on the rod to see if the 
infant resisted its withdrawal 

The 36 infants used in this experiment varied from one day to 
24 weeks of age From 4 to 6 infants at each of the following ages 
were tested; birth, 4, 8, 12, 16, 20, and 24 weeks. Inasmuch as no 
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age difierences in the responses weic apparent, the lesults for all 
infants were combined When the arms were extended upward 
or headward all infanta grasped immediately and held the rod 
with a film or verv strong grip In lateral extension (arm in line 
with the shoulders), 5 infants grasped immediately and strongly, 

13 grasped at once {\Tm\y but not strongly, 4 grasped firmly after a 
short interval, 11 held the rod loosely after slow closure and 3 
failed to grasp. With the aim at the side of the trunk 3 infants 
immediately closed strongly on the rod, 7 grasped the rod at once 
With a firm hold, 3 took it firmly after a short time, 8 after exten¬ 
sive stimulation dosed the fingcis loosely on the lod, and 15 did not 
close on the rod With the hand near the ear, 15 infants closed at 
once on the rod. Of this number 4 infants gripped t))c rod strongly, 

7 took it fiimlv at once and 4 closed loosely on it. Of 17 Infants 
who closed on the rod after continued stimulation, one gripped it 
hard, 5 held it firmly and 11 held it loosely Pour infants failed 
to close on the lod In general, immediate and strong grasping 
occurred when the arm was extended upward or headward. Imme¬ 
diate and strong grasping occurred less frequently with the arm 
extended laterally oi at the side oi with the hand in the vicinity 
of the ear. More negative responses occuned with the arm close to 
the side than in any other position. 

In comparing the results of this expeiiment with those obtained 
by light palmar stimulation, two facts must be considered. First, 
the method of stimulation, as stated above, was different, and second, 
the position of the arm was forced upon the infant in the present 
situation, while in the former instance the position was assumed 
by the infant. 

Magnus (32) has shown that alterations in postural pattern 
accompany spatial changes in position of the body These "'atth 
tudinal reactions'^ have been observed in both intact and decerebrate 
animals Probably one of the best known of these reactions in the 
human infant is the tonic neck reflex which finds the jaw-arm 
extended and the occ/piit-arm flexed Ten supine infants, 3 days to 

8 weeks of age, who assumed this posture were tested for gripping 
When a rod was placed in each of the infant’s hands, it was found 
that for all infants both rods were gripped with about equal strength 
When these infants lay on their right sides with their heads rest- 
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mg Jatciallv on the platform, 9 of them giipped the lods as strongly 
with one hand as with the other (Figure 5 B) The 10th infant 
alternately opened and closed his right hand as he gripped strongly 
with his left hand. It was only when the infant’s giip was stiong 
enough to peimit lifting him fioin t!ic pLitforni by the left lod that 
the right hand opened with the fingeis in rigid extension (Figuie 
9C and D) In coiitrjist to these icsults Fulton (15) hnds that 
the uppci hand of a latcially placed thalamic monkev exhibits a 
strong giaspvng icftcx while the Lower hand closes httle oi not at all 

Finger Length and Clinging STRiiNcrH 

Capacity for suppoiting body weight in clinging is, to d large 
extent, dependent on gripping po&tuie, Investigation of the postuip 
of the hands in giasping the 1 cm. lod revealed siiiprising diffei- 
enccs in size and shape of infants’ hands as well as anomalies in 
clinging. Hands are wide oi nariow, long oi shoit, and thick or 
tlun, just as they aie in adults SimiUiIj'^, differences in. fiiiirpr 
length and finger diameter aie cleaily discernible. Examination of 
two infants of 8 weeks revealed diffeiences in dimensions of cones- 


ponding parts as follows 

Length of hand 1,3 cm. 

Width of hand 0 9 cm, 

Length of middle fingei 0,8 cm. 

Diamctei of middle fingei 0 4 cm. 


Fingers of 3 2 cm, or moic in length completely enciicled the lod 
and presented no difficulty in clinging; fingcis of 3 1 cm or less in 
lengtli failed to encompass the lod and thus cunsidciably handicapped 
clinging An infant with long fingcis starts clinging with the proxi¬ 
mal interphalangcal joints above the rod. When fatigue oveicomes 
the flexing strength at these joints the distal joints often serve to 
check an abrupt yielding^- of the giasp An infant with short 
fingers clings to the 1 cm rod with the second phalanges oi the 
terminal joints immediately above the lod Thus his gup at the 
start IS a precarious one. 


*^Thc hngers yield in no particular order In clinging by tvvo Iiandi 
there IS a gradual yielding of all hngers accompanied by a slipping of the 
rod toward the terminal joints Then a sudden “break’* by one hand Ar 
this point the infant is caught and held and the other band removed 
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In view of these diffeienccs in size of handb anil clinKiiip; postuic 
measurements weie taken ot the length and thlckne^s of the middle 
fingei of 97 infants whose ages langed from hiith to 24 weeks. 
The distance fiom the pioximal to the distal extiemitv was found 
bv flattening the palm against a tianspaient miUiinctiic scale 
The width of the proximal phalanx of the extended fingei was deter¬ 
mined by calipeis 

The aveiage length of the middle fingers of the 97 infants was 
3T9 cm The cucumfcience of the lod was 3 14 cm, Infants wlio>.e 
middle fingcis easilv enciicled the lod were classified as long- 
fingered (3 3-3 8 cm); infants whose middle fingeis just about 
leached around the rod weic grouped as medmm-fingeied 
(3,1-3 2 cm,) t infants whose hngeis weie dcfimtclv too shoit to en¬ 
compass the lod were grouped as sliort-fingeied (2.7-3 0 cm.) 
Table 18 shows this classification Othei items include the nuinbei 
of male and female infants in each gioup, average weight, average 
clinging strength !n giams for light, left and both hands togcthci, 

‘“This method and a aperial photographic method aie now in u^e for 
measuring segments of the body Mcasiiremcnis thus obtained will be pre¬ 
sented at a later date There are no available recoids on the length of 
fingers of young infants According to Scammon and Calkins (+2, p 224) 
the calculated length of the middle finger at birth is 3 47 cm 



FIGURE 8 

Mean Strengiu of and Unilateral Clinging Responses in Per 

Cent of Body Weight Supported for Long-fingered. Medium-fingered 
and Short-fincerbd Infants 
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average per cent of body weight supported in unilateral and bilateral 
clinging and number of infants who supported their entire weight 

The data show that each infant supported a certain portion of his 
weight in clinging by one or both hands. The long-fingered infants 
were snpeiior to the other infants in clinging strength both m grams 
and in per cent of body mass supported (Figure 8) Table 18 shows 
that tile long-fingered group supported an average of 849 per cent 
of their body mass in bilateial clinging The medium group sup¬ 
ported 76.2 per cent and the short-fingered group supported 78,8 
per cent of their body mass in bilateral clinging. The long-fingered 
group was also superior to the other groups in unilateral clinging. 
Twenty, oi SO per cent, of the 40 long-fingcrcd infants supported 
theii entire weight in bilateral clinging, wheieas only 3, or 12 
per cent, of the 26 medium-fingeied infants, and 5, or 16 per cent, 
of the 31 shoit-fingered infants supported themselves, 

Rulation or DuMtrER or Roo to Clinging Strength 

The eftect of the size of grasping surface on the strength of the 
clinging response was determined by having infants cLmg to rods 
of different diameters (Figure 9) The first rod had a diameter 
of 1 cm ; the second a diameter of 3/16 of an inch, With one ex¬ 
ception the precautions and method of testing were similar to those 
used in the earlier experiment in determining clinging strength In 
the present expeiiment the time of testing began two hours after the 
feeding period and continued to the next feeding period. The 
infants were first required to cling to the large rod and then, after 
a three minute rest, to the small rod The larger rod was used first 
because it was less distuibing in its eftcct on the infants The small 
rod cut sharply into the palm and often lesultcd in crying The 
hands were alwa 5 ^s massaged after the 3/16 rod was used. Two 
groups of infants were tested Sixty-four infants clung- unilaterally 
(with the left hand) and 62 infants clung bilaterally. The results 
tabulated in Table 19 show that on the average infants supported 
more of their weight in clinging to the small rod than in clinging 
to the large rod. This is true for clinging by one or both liands 
Of the 64 infants who clung unilaterally 10, or 15 6 pei cent, sup¬ 
ported their entire weight from the 1 cm rod, whereas 33, or 51 6 
per cent of them supported themselves from the 3/16 inch rod. Of 
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FIGURE 9 

BriATERAT ClIMGIXO S 'WEEK9 BOY (A) TO LARGE ROD, DiAM I CM, 
AND (B) 10 Small Ron, Diam 3/16 inch 
Note that left hand gnp on small rod is weakening, Note sharp hi|) 
flexion Unilateral clinging (C) to laige rod and (D) to small lod Note 
Kow completely fingers encircle small lod Compare posture ni bilateral 
Lind unllnternl clinging Note especially the rigid extension o( the fingeis 
of the free hand in unilateial clinging, 

the 62 infants mIio cluag bilaterally 20, or 32 3 per cent, supported 
their weights fionri the 1 cm lod while 36, oi 58 1 pei cent, of them 
supported themselves from the 3/16 inch rod. The average ago 
of the two gioups was 10 5 weeks, and 1 1 1 weeks lespectively 

Observations by the cxperimenteis and two assistants confiim the 
fact that infants nioic easily suppoit their weight tiom the 3/16 
inch tod than from the 1 cm. lod but that the use oi the former rod 
was more frequently attended by dying 

A review of the individual ici»ults shows that when tlie left hand 
alone was used theie were 39 instances in xvhich infant'^ exhibited 
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grcfiter strength in clinging to the small rod than to the large rod 
In 9 instances they clung with greater strength to the large rod and 
in 16 instances clinging strength was equal for the two rods When 
both Jiands were used greatei clinging strength was indicated for 
the small rod on 33 occasions and for the large rod on 8 occasions 
In 21 instances infants clung as strongly to one rod as to the other 
Thus infants in general clung with greater strength to the 3/16 
inch rod tlian to the 1 cm rod These results are discussed at 
length later. 

Discussion 

The investigation sought to answer several questions concerning 
the early grasping response. Perhaps ceitainty of grasping depends 
on conditions inherent m the hand, such as the points stimulated. 
There IS no evidence to support this statement Apparently one point 
IS as effective or ineffective as another in evoking grasping Pei haps 
s\zc, shape, hardness, smoothness or some other quality of the object 
IS the determining factor in evoking the grasping reflex. The re¬ 
sults obtained with the several types of rods show that such is not 
the case Infants grasp harmless objects indiscriminately Perhaps 
the weight of the object or the pressure with which the object is 
applied to the palm affects grasping, Comparison of the results 
obtained from light pressure stimulation and from stimulation with 
the rods indicates that the latter situation was more effective m 
evoking grasping. However, whereas light pressure may be con¬ 
sidered as approximately pure tactual stimulation, application of the 
rods against the palm stimulates not only the skin but the proprio¬ 
ceptors of the deeper tissues Thus m the case of the rods the in¬ 
vestigator is not evoking responses to palmar stimulation as such 
The differential responses which may be expected to result from 
these two forms of stimulation arc discussed fully at a later place. 

Light pressure stimulation of the volar aspect of the hand is pei- 
haps the most effective method of evoking the closure response 
However, this form of stimulation frequently failed in its purpose. 
The present experimentation with the cameFs hair brush and balsa 
paddle and an earlier study (21) reveal that the hand often re¬ 
mained quiescent or withdrew from the stimulus In fact, closure in 
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response to tactual stimulation occurred more ficquentlv with older 
infants than with younger infants 

Failure to respond to stroking by the cameFs hair brush may be 
attributed in pait to a high tactual sensibility threshold in early 
infancy (19, p, 239) In other words, Jt js possible that the infanti, 
do not sufficiently sense the stroking pressure to respond to it In 
this connection it is xecalled that stimulation with the rod of nails 
evoked anomalous reactions Some infants cried upon giipping the 
rod lightly; othcis cued only when it was gripped fumly or pulled 
by the experimenter, others did not ciy at all even when the rod 
was pulled strongly by the experimenter 

Under the method of presentation of the stinup no difficulty was 
experienced in inducing static gripping by infants up to 24 weeks 
From 28 to 52 weeks failure to giip occurred witii incicasing ir¬ 
regularity Up to 24 weeks only one trial was required to elicit 
gripping by either hand After 24 weeks failure to grip was rarely 
followed by giippmg on succeeding tiials, Apparently then, the 
method most likely to evoke gripping is to place the stirrup rod in 
the palm with one hand and pul! the arm up with tlic othci band, 
while holding the lod m place Full extension of the arm apparently 
IS resisted by the entire flexor system of the arm. Hence the re- 
sistance to extension by the fingers represents only a fraction of the 
total resistance to aim extension With many infants the clinging 
reflex was often obtained with the elbow and shoulder at varvmg 
degrees of flexion 

Clinging by both hands and clinging by one hand are physio¬ 
logically diffeient situations In the foimer instance both shoulders 
are raised simultaneously fiom the platform rn a bilateral fashion, 
in the iattci instance, the infant is raised m a umlatcial manner. 
The tiunk rolls away from the direction of the pull so that the 
arm is abducted at the shoulder The postural change involved in 
the two types of clinging brings about a shift in muscular tension 
of the paits of the arms and shoulders (Figure 9) Therefore, it 
IS expected that the clinging strength of rJie hands acting together 
will differ from the combined clinging stiength of the hands tested 
singly. As a rule, the combined strength of the two hands in uni¬ 
lateral clinging was greater than the strength of the two hands 
in bilateral clinging Infants in general gripped moie strongly with 
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one hand than with the other. Tables 6 and 7 show that the left 
Iiaiid was usualb-^ the dominant hand In a few i-^olated instances 
infants gripped as strongly with one hand as with botli hands. 

Anomalies m clinging occurred. Older infants sometimes gnpped 
the btirrup bilatcially but would grip with ncithei hand or with 
one hand only when the stinup was unilateiallv presented Other 
infants giasped with one hand only, icgardless of the mannei of 
presentation of the stimulus 

Tile investigation shows that the amount of piessuie excited on 
yielding objects by the hand and by the individual fingers m the 
pioprioceptivc situation appears to follow a physiological law, i e, the 
amount of pressure vanes directly with the lesistance of the object 
Now '‘the special feature of the leflcx is that impulses fiom tension 
rcceptois within the nupcle cause its development" (9, p 47). If, 
then, as Sherrington and his colleagues state (9), a small pull on a 
muscle activates a few tension leceptois, wheieas a stiong pull acti¬ 
vates a gicatei number of rcceptois, the resistance of a low pressure 
capsule will be met bv a weak reflex, wheieas the lesistance of a 
high piessuie capsule will be opposed by a coiicspondmgly strong 
reflex This conclusion is also m accord witli what occurs wlien the 
invcstigatoi pulls on a rod held by an infant; namely, the stronger 
the pull, the grcatci the lesistance to the pull bj the finger flexors 

The results show that long-fingeicd infants were supeiior to short- 
fingcied infants in clinging stieiigth SitnilailV) investigation of the 
piopiioceptive response in the individual fingeis shows that the 
third finger (the longest digit) led its fellows in clinging stiength 
In addition, lesults obtained iii giasping a jnelding object indicate 
stionger piessure by the middle finger than by the othci fingers 
Fiom the standpoint of mechanics the fingers m gupping represent 
a system of levers in which the proximal inteiphalangeal joints 
serve as the fulcrum. lu clmguig, a given rod presses against a 
point which IS relatively closer to the joints of the long fingeis tlian 
to the joints of the slioit fingeis Thus the advantage in gupping 
leverage lies with long-fingeicd infants (Theic weie no outstand 
mg sex diftercnccs in finger lengths ) Although fingeis varied gieatlv 
in diameter, infants with long thick fingers weie not supciioi to 
infants with long slender fingers in clinging strength. 

Greater grasping strength was manifested in chngmg to the small 
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rod (3/16 inch diJim ) than in dinging to the large lod (1 cm 
cliam.)* lo addition^ more infants suppoited then entire weight fiom 
the small rod than fiom the laigc rod. The pimciplc of the level 
IS again applied in explanation of this fact Of the two rods the 
smallei one fits closci to the joint of a flexed fingci. Therefore, in 
clinging, the smaller rod pjesses against a given phalanx at a point 
so close to the joint (fulcium) that a idatively great foice is re¬ 
quired to oveicomc the flexor strength (fliigei leverage) A large 
jod presses at a point moie remote from the joint, hence the force 
lequiied to oveicomc the sticngtli of fingci flexion is iclativclv 
vvealc. 

The giasping leflex was moie consistently and stiongly expiesscd 
by the 3 ulnar fiiigeis than by the foiefingei In fact the fore- 
fingci often failed to icspond with the otheis m both closuie and 
gripping situations Thus its aloofness fiom the otlici fingci s 
appears early m life TJic unusual display of sticngtli by the thicc 
ulnai fingexs in giipping was noted by Mumford (35) in 1897 

The giasping icflcx functioned with gieatci readiness and sticngth 
foi active and foi hungry infants than foi passive oi satiated infants 
The sticngth of the leflex diminished dining the tiansitioii from 
Imngei to satiation Fiiistiation (withholding food) dining hunger 
piocKicecl rapid and extensive fluctuations in the strength of the 
static stretch leflex No notewoithy sex diftcicnccs in gupping 
sticngth appealed in the feeding situation, 

Othei conditions which contiibuted to the variability of the caily 
giasping 1 esponse wcie' age diftcienccs (21), inconsistencies m stimu¬ 
lation, postiual changes, diftciences in the foice of the pull on the 
flexoi tendons, and diffcienccs iri degiec of flexion of the fingers 
at time of piesentation of stimulus, 

The vciy fact that the eaily giasping iespouse is a 2-componcnt 
activity instead of a simple reflex complicates analysis of the facto is 
which contribute to the vailability ot the icsponse If one com¬ 
ponent vaiics in speed oi vigoi, the othei may vaiy in similai man- 
nei. Foi example, if an infant closes the fiimcis slowly he will 
piobably tighten them slowly with little display of energy; or he may 
close and giip with one swift movement in which it is impossible to 
sepaiate the two activities At othei times one component varies 
with the other in a mannei ivhicli gives them the appearance of 



438 


JOURNAL OF GENliTIC PSYCHOLOGY 


being physiologically independent activities (21) As an illustra^ 
tion, an infant may close the hngci-> slowly without appaietu el to it 
but, upon contacting an object within the palm, go to sudden grip¬ 
ping; 01 , as another illustration, palmai stimulation may fail to 
evoke finger closure, whcicas a ‘Vull*' against the flexors will call 
forth a quick strong pioprioceptive reaction Again, infants often 
close on an object placed against the palm without giipping it, or 
they will giip with one hand and only close with the other 

The closure leflex was often delayed This investigation and an 
caiiici study (21) show that the amount of stimulation required 
to evoke closuie varied greatly in time and that frequently this re¬ 
sponse occurled only aftei piolonged stimulation Closure time, giip¬ 
ping time and the intcival sepaiating these activities also varied 
greatly 

The presence or absence of the grasping leflex is frequently deter¬ 
mined by noting whethci or not an infant closes his fingers on an 
object placed against his palm, If the fingers close on it, the reflex 
IS piescnt, if they do not close on it, the reflex is no longer present 
(21, p 47), The other method for determining the presence of 
the grasping reflex is to place a rod against the infant’s palm, close 
the fingers on the rod (if the infant docs not close them), and pull 
on the rod If the infant resists the pull, the reflex is present, if he 
does not resist the pull, the reflex is no longer present. It is appar¬ 
ent that these two methods differ with respect to the manner of 
stimulation and also to the nature of the response In fact the re¬ 
sponses obtained by the two kinds of stimulation stand in direct 
contiast phj^siologically. The fiist method seeks to evoke finger 
flexion by means of cutaneous stimulation; the second seeks to evoke 
gripping by piopiioceptivc stimulation The first method seeks to 
flex the fingets, the second to extend them. Thus the first method 
intends no opposition to flexion; the second intentionally opposes 
flcMon to evoke stiongei flexion. 

Confusion concerning the early grasping lesponse is due m part 
to failure of investigators to distinguish between the closure reflex 
in response to palmar stimulation and the pioprioceptive reflex 
due to stretching the flexor tendons of the fingers. When the inves¬ 
tigator places an object liglitly against the infant's palm the grasp¬ 
ing response, if it occurs, follows 1 of 3 courses The fingers may 
flex without closing on the object; they may flex enough to press 
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liglul}^ against the object, oi they mav flex tightly on it ab m 
clinging In the latter instance the gripping is piobably due to the 
stretching of the flexor tendons The fingeis in closing customaiily 
come to rest with their tips near oi against the palm When their 
couise IS blocked by the presence of an object, the resistance thus 
unexpectedly introduced to flexion stimulates into action the pio- 
pnoceptive lesponsc When the investigator pulls on an object in 
the infant’s hand the proprioceptive reflex is immediately evoked 
This reaction winch is a clinging response is essentially identical with 
the infant's clinging response m suppoiting his weight Physiological 
diffeienccs aie to be found m the number of muscle fibres which ic- 
spond m each case, because the gieater the pull, the greater the 
number of motoneurones (and muscle fibres) excited to action (9, 
pp 47-48) Inasmuch ns measures of the strength of the grasping 
response are al'u^ys obtained eitljcr by the “blocking” oi by the 
‘^pulling” method, these measules indicate the strength of the proprio¬ 
ceptive reflex 

During the first few weeks of life the infant's hands are pre¬ 
dominantly closed. As a matter of fact his hand often must be pried 
open foi insertion of the object* Thus when an object is placed 
against the palm, the customarily flexed fingeis wdl most probably 
close on the object This closure reaction may not occur during 
sleep or after feeding In dinging, infants hold on to the rod 
because they cannot release then grip* The stronger riie pull 
against the fingers, the greater the strength of the ‘‘stretch reflex” 
so evoked 

That the closuie and ‘‘stretch” components are separable is shown 
by responses to palmar stimulation with the balsa paddle and the 
camel’s hair brush These responses indicate that light pressure 
stimulation only infrequently evokes the “stretch” reflex, The 
fingeis usually close slowly, gencially with the terminal joints ex¬ 
tended (giving the impression of seaichmg oi feeling foi the stimulus 
object), If the fingers do not contact tlie object, they often fail to 
close against the palm 

In this connection ic is significant that the infant who goes directly 
to gripping, flexes all joints of the fingers sharply so that their tips 
point into mid-palm. The infant who first closes the hand before 
he grips, flexes the fingers relatively slowly The tips of the fingers 
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describe a gieatei me and come to rest against the palm near the 
wrist 

An earlier study (21) diftcicntiates these giaspmg components 
In 103 of 130 grasping responses by infants of 4 to 20 weeks of 
age, closure and gripping wcie sepaiately timed 

The distinction between finger closuie and the ^^stretch*^ reflex 
IS seen in instances of ‘*forcetl giaspmg” m adults with lesions of 
the pic-moter aicn of the coitex Adie and Cjitchle> (1) state that 
the patient may be able to manipulate objects with the Angers 
Light stroking of the palmar surface causes a slow clasping move¬ 
ment of the fingeiS) wlieieas objects placed against the palm aie 
licld in a ^^ciainphke^^ giip Walshc and Robeitson (52) iccog- 
nrze two distinct and scpaiable giaspmg phenomena which aie asso¬ 
ciated with fiontal lobe lesions, viz, a volitionaR^ component which 
consists of firigei closuie elicited by tactual oi visual stimulation and 
a leflcx compoueiit—a tonic innervation, oi ‘^stietch” leflex, elicited 
by pulling on the flcxoi tendons The icllex component corresponds 
to the clinging (propiioceptivc) response in infants, whereas the 
volitional component has its counterpart in early fingei closuie In 
the infant, howcvei, closure has not as yet attained the status of a 
voluntary activity, In this connection Jacobsen (26) finds that 
extirpation of the pre-motoi area of primates lesuits m foiced 
giasping and in tiansient loss of the finei movements of the fingeis 

Stretch leactions are classified as ^^pliasic” and “static” When a 
tendon Is suddenly stietched it lesponds witli a jerk oi ^^phasic” 
leaction, A slow continued pull on the tendon gives use to a sus¬ 
tained 01 "static” reaction (9, p 50), Both of these types of le- 
sponse^ as well as closure, function eftcctivcly m giasping during 
early infancy Fingei closuie is the fiist of these iespouses to dis¬ 
appear* The “static” reaction weakens lapidly during the second 
hair ycai of life 

Under normal conditions the “phasic” reaction functions in the 
finger flexors thiouglrout life. If a rod is placed against the volar 
suiface of the terminal joints of the loosely flexed Angers and pulled 
suddenly, the immediate response is a flexing movement of the Angeis 
in opposition to the pull. KnoAvlcdge of the nature of tlie response 

^^Whether or not finger closure in this instance is volitional or reflex docj 
not concern the writer (IS) The lecognitioti of the closure and '^stretch” 
reactions as distinct grasping responses is the significant thing 
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rtnd efforts to aveit its occurrence affect the ieflev but little. Imme¬ 
diately after the occuiience of the reflex, the adult can extend the 
fingers and release the rod In othei words, continued pulling docs 
not furthei stimulate the flexors reflexly With the young infant, 
however, continued pulling on the lod remains an effective stimulus 
for the ‘'stretch'* response. In experiments on cats and dogs it has 
been noted that 'hn anaesthesia and in circulatory collapse’* the 
"phasic** reaction continues to function long after the "static" ic- 
sponse has disappeared (Q, p 51). 

A chaiactciistic feature of the closme coi'nponent is that its ac¬ 
tivity IS moie or less confined to the fingers Complete closure is 
attained when the digits contiact fully against the palm wltliout 
stretching the flexor tendons Although the piopiinceptive com¬ 
ponent 18 most apparent in the fingers it is not an isolated activity. 
It exceeds closure both in vigor and in capacity to excite other re¬ 
flexes. A pull on the fingers produces a stretch in the flexors of 
all joints of the arm. The elbow flexois in particular manifest a 
powerful proprioceptive reflex, while the wrist often contracts strong¬ 
ly. In bilateral clinging the legs are drawn up sharply by the power¬ 
ful lup flexors, and in very strong bilateral clinging aim posture 
resembles that of adults m "chinning ** In any event the proprio¬ 
ceptive response is not confined to the hand. From the principle of 
"functional facilitatjon from overlap of central connexions" (9, 
p 70) it follows tliat the pull on the finger flexois sets off a sequence 
or mass (24) of proprioceptive reflexes, which in early infancy in¬ 
volves not only the arm but a consider able number of the joints of 
the body (see Figure 6) 

The distinction between finger movement and "stretcli leflcx" is 
further shown in an earlier study (21) in whiclr tactual stimula¬ 
tion of empty closed hands evoked anticipatory extension of the 
fingers Results obtained in the normative study of infants at the 
Yale Clinic (17, p. 110) confirm tins statement In tins respect an 
empty flexed hand contrasts with a hand grasping an object in that 
in the latter case the object generally evokes the static proprio¬ 
ceptive reflex. Thus fingers not engaged in grasping enjov a certain 
degree of fieedom of action, fingers employed in gripping are lim¬ 
ited to this activity. In this connection Schuster and his colleagues 
(43, 44, 45) state that in cases of forced grasping, if a clenched 
hand was empty, voluntarj^ relaxation of the fingeis was easy. Free- 
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man and Ciosby (14) observed reopening of the hand when the 
object was not grasped Adie and Critchley (1) noted that the 
patient was unable to open his hand unless the object was removed 

It was previously stated that voluntary release begins at 28 weeks 
or later and that such release must be accomplished against a resist¬ 
ing surface. Release without resistance begins at about 44 weeks 
In any case lelease (almost without exception) does not occur dur¬ 
ing the fii^t 24 weeks, although, according to most authorities on 
infant psvchology, the grasping reflex disappears before or at this 
time There are, however, great individual differences in release 
ability, and it is tins fact wlucli accounts in large part for the very 
gradual disappearance of the clinging response (or static leaction) 
during the second half of the fiist year Difficulty in lelease of 
objects even at 1 year or later has been observed by Gesell (16), 
Fieeman and Crosby (14) and Halverson (20). It is interesting to 
note that inability to release objects is the outstanding characteristic 
of foiccd grasping (1, 14, 15, 26, 43 , 44, 45, 52). 

The gripping reaction is one of the many primitive adient (22) 
responses common in human infancy. These responses arc well 
tiackcd (canalized) If, when one of these responses is evoked, its 
customaiy couise of action is barred, the infant suffers frustration in 
attainment of his goal Frustrations occur early in life With¬ 
holding food from a hungry baby is one way of producing frustra- 
tion4^» Although the infanFs reactions in this situation are more or 
les^ diffuse (24, 34), tlicv have the appearance of agressivc be¬ 
havior He tbicslies about, alteinatcly stiains and lelaxes his 
muscles, kicks, cries vigorously, rolls and twists. Pulling on a rod 
held by an infant is another method of producing frustration. Al¬ 
though the infantas movements are limited in scope and direction, 
the flexors, his dominant muscles, so function that the strongest move¬ 
ments are directed centially (21). One of the earliest of these adient 
movements is the hand-to-mouth reaction The supine infant offers lit¬ 
tle resistance to changes in posture of the aims which involve only 
flexion, Extension of the joints, particularly elbow and fingers, 
however, is actively resisted by the flexors of these joints, and, as 
already stated, the amount of such resistance vanes directly with 
the force pioducing extension An active infant holding a rod may 


'®The above study of frustration will appear a later paper. 
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wave it about or keep the hand m one position. It the experimenter 
pulls on the rod the hexors of the infant’s arm contract to carry it 
mcdianward. In clinging, flexor resistance, which is reflected by 
muscular tension and is measurable, frequently icaches a point at 
which the infant by trunk contraction, sharp hip flexion, facial con¬ 
tortions, body throwing, and strident crying, frequently referred to 
as angry crying (4), strongly protests and opposes the pulL 

The resistance, as indicated by its ph 5 ^ical and emotional com¬ 
ponents, often assumes a very aggressive aspect Despite tlie fact 
that the cortex at this time of life functions very incompletely, at¬ 
tempts at reinstatement of the situation may be greeted by a new 
outburst of strong crying, accompanied by sharp, abiupt trunk, 
arm, and leg movements, The hand frequently must be captured 
before the rod can be inserted in the palm and the ensuing grip is> 
unusually strong. 

In general, investigators of the giaspmg reflex have confined their 
studies to infants of 12 weeks or less and then contented themselves 
with the statement that the reflex weakens as voluntary grasping 
begins While this statement is probablj true, it gives little indica¬ 
tion of the date of disappearance (usually set at 4 to 6 months) of 
the reflex. Interest in the strength of the proprioceptive aspect of 
the response has overshadowed interest in its variability and dura¬ 
tion 

Investigators naturally have set the date for the disappearance of 
the early grasping response m accordance with the tune nt which 
that phase of the reflex under observation failed longer to function. 
Thus it IS most probable that failure of closure and absence of tlie 
clinging response would be reported at different dates One who 
was not particular would date the disappearance in terms of the 
absence of either or both of the components Finally, conditions 
which have been found to affect the response, i e, hunger, satiation, 
sleepiness, etc, may probably have been ovcilooked in determining 
the presence or absence of the reflex 

The time of disappearance of the grasping reflex should be deter¬ 
mined with respect not only to the absence of finger closure in re¬ 
sponse to palmar stimulation but also to ability to release a pre- 
hended object Infants can prevent the hand from closing on an 
object contacting the palm at an age when they cannot open the 
hand to release the object This inability to extend the fingers sig- 



446 


JOURNAL OF GENETIC PSYCHOLOGY 


14 Objects of diffeicnt materials have equal stimulus vaKic 
in eliciting reflex grasping 

15. The time of disappearance of the grasping reflex is detei- 
mined in terms of its components The closure reflex apparently 
disappears at 16 to 24 weeks Its proprioceptive component dis¬ 
appears aftei 24 weeks Traces of the "static” re;ictJo/i were pres¬ 
ent 111 one infant at 52 weeks 

16. The grasping leflex is vaiiable in readiness of response, 
speed of closuie (21), duration of grip, strength of grip, and con- 
tinuitv of function of its two components, 

17. Diffcienccs in method of evoking the giasping reflex account 
to a gicat extent foi repoitcd inconsistencies in its sticngth and time 
of disappeaiance 

18 Closure is confined almost entiiclv to activity of the liand 
Its propiioccptivc component is a vigorous and diffuse response, the 
peculiar property of winch js its capacity to excite mto action otJjer 
reflexes both ncai and iemote 


References 

I Aoin, W J > & Critchley, M Forced grasping and groping Braitf, 

1927, 60, 142-170. 

2. Angelis, F DE Reflexes of the newborn Atner J Dts Childj 1923, 
26, ^11-215 

i Bernteij^, S The psychology of the Infant (Trans by Iliirwila, R ) 
New York’ Brentano, 1929 Pp xi-k309 
4 Blanton, M, G. The behavior of the human infant during the firs! 
thirty days of life Psyc/jof, Rev,t 1917, 24, 456-483 

5, Bolaftio, M., & Artom, G Richerclie sulla flsiologia del sistema 

tiervosa del feto umano Arch dt soc hiol j 1924, B, 457-487 

6, Bryan, £ S Variations in the responses of infants during the flrst 

ten days of post-natal life J Chtid Devel, 1930, 1, 56-77 

7, Bvrr, G, W The reflexes in early infancy Ainer J, Dis, Child, 

1921, 21, 529-533. 

8 Chaney, L B , & McGraw, M B Reflexes and other motor activi¬ 
ties in newborn infants Bull Neur Inst, N Y,, 1932, 2, 1-56, 

9, Creed, R, S , Denny-Brown, D , Eccles, J C, Liddell, E, G T , & 
Sherrington, C S Reflex activity of the Bpinal cord Oxford Clar¬ 
endon Press, 1932 Pp vi+162, 

10 Darwin, C A biographical sketch of an infant. Pop Set Mon , 1900, 
67, 197-205 (Appealed earlier in A//wdj 1877, 2, 285-294 ) 

II Dennis, W. A description and classification of the responses of the 

newborn infant Psychol Bull, 1934, 31, S-22 



H M. HALVERSON 


447 


12 Dpwey, E. Behavioi development in infants New York’ CoJiimbLi 

Univ Pre99> 1935 Pp xiiiH-321 

13 Feldman, W M, Principles of ante^natal and posunatal child physi¬ 

ology, puie and applied, London Longmans, Green, 1920 Pp xxvii 

1+ Freeman, W, Sc Crosby, P T Keflex grasping and groping J diner, 
Med dssoc., 1929, 93, 7-12 

15 Fulton, J F Forced grasping and groping in relation to the syndrome 

of the premotor area, Aich IVenr Psychial,f 1934, 31, 221-235. 

16 Gesell, a The mental growth of the pre-school child New York 

Macmillan, 1928 Pp x4-44-7. 

17 GfistLL, A,, & Thompson, II Infant behavior Its genesis and growth 

New York McGraw-Hill, 1934 Pp viii+543. 

18 GiVLiitt, R C The intellectual significance of the grasping redex J 

Phil, 1921, 18, 617-628 

19 Halverson, H M An experimental study of pichfiision m minnts by 

means of systematic cinema iccords Genet Psychol Motion > 1931, 
10, 107-286 

20 -, A further study of grasping / Gen Psychol j 1932, 7, 

34-64 

21 - Complications of the early grasping icactions Psychol 

Manoff f 1936, 47, 47-63 

22 HoiiT, E B. Animal drive and the learmag process, New York* 

Holt, 1931 Pp. vii+307 

23 Hurlock, E, B Experimental studies of the newborn Child Devel,, 

1933, 4, 148-163* 

24 luwiN, 0 C The organismic hypothesis and differentiation of 

behavior I. The cell theory and the neurotic doctrine. Psychol 
1932, 39, 128-146, 11, The reflex arc concept Psychol 1932, 39, 
189-202; III The diffeiemiatJon of hiiirmn behavior. Psychol 
1932, 39, 387-393. 

25 JACODSBN, C. F, & Jacobscn, M Mh & Yoshioka, j G. Development 

of an infant chimpanzee during her fiist year Comp, Psychol 
Monog, 1932, 9 Pp 94 

26. Jacobsen, C F. The influence of extirpation of the motor and pre¬ 
motor aieas of the coitex upon the letention and execution of acquired 
skilled movements in primates Amer^ J. Physiol^ 1933, 106, 58. 

27 JERSILD, A T, Child psychology New York Prcntice-IIall, 1933 
Pp, xii-l" 462 

28, Johnson, B J, Child psychology, Baltimore Thomas, 1932, Pp 

xii4-439 

29, Krynine, j D Oculomotor and bodily adjustments to a visually per¬ 

ceived object (Unpublished.) 

30 Lashley, K S , &r Watson, J B Notes on the development of a young 

monkey. / A7im Behani 1913, 3, 114-139 

31 Len2, a. K. The fundamental traits of behavior of the child during 

its hrst year Pedohgia, 1930, 4, 437-451 



4+8 


JOURNAL OF GENETIC PSYCHOLOGY 


32 MacnuSj K Some results of studies in the physiology of posture 
(Cameron Prize Lectures) Laruef, 1926, 211, 531-536 
334 Major, D R First steps in mental growth, a senes of studies in the 
psychology o£ Infancy New York Macmillan, 1906 Pp xiv-|-360 

34 Minkowski, M fiber fmhzeitige Bewegungen, Reflexe und muskelare 

Rcaktioiien bcim menschlichen Fotus und ihre Be 2 iehungen zum 
fotalem Nerven iind Miiskelsystem Schwcix Med. WodiensdiT, 1922, 
9, 721-724; 751-755 

35 MuMtORD, A A Survival movements of human infancy Brain, 1897, 

20, 290-307, 

36 Peiper, a Slnnesreaktionen des Neugeborenen 7Asch f Psychol, 

1930, 114, 363-370 

37, PbTCRSON, F, & Rainfy, L H The beginnings of mind in the new 
born Bull of the Lying-In Hospital of the City of New York, Dec 
1910 (Not paged ) 

38 Pratt, K, C The neonate, Handbook of child psychology (C. Mur¬ 

chison, Ed ) Worcester* Clark Univ* Press, 1933, pp, 163-208 

39 Richards, T W. The importance of hunger in the bodily activity of 

the neonate Pjychof. Bttil, 1936, 33, 817-835, 

40, Riciitcr, C, P The grasping reflex in the newborn monkey Arch 
Neur & Psychiat, 1931, 26. 784-790 

41 Robinson, L Darwinism in the niirseiy Nineteenth Century, 1891, 

30, 831-8+2 

42 Scam MON, R E, & Calkins, L A The development and growth of 

the external dimensions of the human bodv m the fetal period Min¬ 
neapolis Unw Minn Press, 1929, Pp xxiii+367 

43 Schuster, P Autoptische Befundc bei Zwangsgreifeu und Nacligcei- 

fen Ztsch / d ges, Neur u Psychiat, 1927, 108, 715-733 

44 - Zwangsgreifen und nacligreifcn, zwei postlieraiplegische 

Bewegungsstorungen Ibid, 1923, 83, 586-609 

45 Schuster, P,, k Pineas, H, Weitere Beobachtiingen uber Zwangs¬ 

greifen und Nachgreifen und dcren Deziehungen zii abnlicher Be- 
wegungstoi ungen, Deutsche Ztsch f Nerveuhedknnde, 1925, 91, 
16-56 

46 Sherman, M,, & Siirrman^ I C The process of human behavior 

New York* Norton, 1929 Pp 227 

47 Sherman, M, Shfrman, I, & Fiory, C D Infant behavior Comp 

Psychoh Aforiog, 1936, 12, 1-107 

48 SHERniNOTON, C S The integrative action of the ncivous system 

New Haven Yale Univ, Press, 1906 Pp xvi+411 

49 Swan, C Posmral patterning of resting infant hands Unpublished 

Master's dissertation, Graduate School of Yale Univ, 1934. Pp 108 

50 Valentine, W L, 5: Wagner, 1 Relative arm motility in the newborn 

infant Parts 1 and II Stud, Inf Behav., Ohio State Univ, Press, 
1934, 53-68 

51 Wagoner, L C, The development of learning in young children New 

York McGraw-Hill, 1933< Pp xivH-322 



hU M HALVERSON 


449 


53 Walshe, F M & Robertson, IZ G Observation^} upon the forni 
and natuie of the “grasping movements’* and “tonic innervation^ 
seen in certain cases of lesion of the frontal lobe Umift, 1933, 50, 
4 ^^ 70 . 

53 Watson, J B Behaviorism. New York Norton, 1930 Pp. xi4-308, 

Chine of Child De<ve[opmeni 
Yitle XJnivetsti^ 

New Haven, Convecticui 




SHORT ARTICLES AND NOTES 

^ NOTE ON RESISTANCE AND RAPPORT IN PSYCPIOLOGICAL 
TESTS OF YOUNG CHILDREN* 

Frances Market Dwyer 

Frefechool children seldom fail to resist psychological tests, ts a whole 
or in part (2) Pronounced resistance at the outset is less common than 
resistance to items withm the test itself and presents a more difficult 
problem to the examiner, since effective handling of resistance during a test 
depends m some measure on the rapport that has already been established 
It has been suggested (3) that emotional outbwjsts at the stait of a test 
impair teit performance; previous orientnUon experience with the examined 
IS valuable in preventing outbursts of this kind, and postponement of the 
test experience is peihaps the most fensihle method of meeting the difficulty 
in many instances 

The cases cited here illustrate procedures that piovcd effective in 
handling pronounced initial resistance^ without decrement in test score in so 
fai as could be determined In the first case, infoiimtion on the child^s 
mental status was in gently needed; the effectiveness of postponement was 
questionable in the light of what was known of his previous experiences 
with intelligence testb In the second and third cases, although the children 
might have accepted the tests happily at a later sitting, the examiner sue* 
ceeded m obtaining a satisfactory test by using proceduies similar to those 
proved effective in the first case^ This report is offered foi the purpose of 
suggesting types of procedures that may prove fruitful, A particular pro- 
ceduie vanes in effectiveness with both the child and the examiner 

R F, a bov of 42 months, came to us with a history of ^‘‘non-testablc.’^ 
On thei dav of hia test, following three weeks of nurseiv school experience, 
R was accompanied by the head teachei to the psychological laboratoiy 
The teacher directed him to stay with the examiner, reassured him about 
his return to the group later, and left, R protested verbally, wept, and 
physically resj*5tefl her departure The examiner placed R at the testing 
table and encouraged him to cease trying One or two tests were presented 
in an attempt to mouse his inteiest, without success R refused to touch 
the matei lals, continued to weep copiously and demanded that he be returned 
to the nursery school The examiner explained that he might return after 
some of the games had been done, and then turned awav from him and 
busied herself with note-taking R^s protests cominiied but became less and 
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less energetic in the ensuing minutes The cxamiuer left R alone at the 
table to answer a telepliane in another part of the room R ceased to cry 
when the examiner began to speak When she completed the call and 
returned to the table, R was busily engaged with the materials on the 
table, The test then proceeded with optimum rappoit 

SM, a girl of 32 months, refused verbally and wept wlicn invited to 
come to the testing room, When urged to contiol her outburst, she came 
quietly but cried loudiv as soon as she reached the room, witbdiawing 
toward the door when she was asked to sit down. The examiner explained 
that she might return soon to the group and continued with preparations foi 
the test S ^xas invited to use a peg boaid, which she lefused The 
examiner made no comment on the refusal and did not uigc het further, 
but built instead a high block structure neai the edge of the table In 
reaching for some materials from the nearby shelves, the examiner inten- 
cionnlly upset the block stiiicture When the examiner started to letrieve 
the blocks from the floor, commenting on her own. carelessness in spilling 
them, •?, burst into voluble talking about the blocks, helped the examinei 
to pick up the few remaining, seated heiself and proceeded aimably with 
the test She chose the peg board which had been lefused as one of the fiist 
games to do 

J C f a. girl of 30 months, came to the testing laboratory without com¬ 
ment, but withdrew and wept when invited to sit down The examiner 
seated her, presented a simple game, and explained that several games weie 
to be completed before she was ready to return to the nursery school J dicw 
awoy from the table and the matenala, weeping, and the examiner with¬ 
drew from the table and wrote. No further attempts to elicit performance 
were made for several minutes, the slightest move in her direction, how- 
ex er, caused 3 to withdraw furthei and to xveep moie copiously The 
starting of an automobile interrupted the usual quiet of the testing room, 
J burst Into voluble talking about the automobile, and accepted the ex¬ 
aminer’s suggestion that she stand at the window so that she might see 
the car, J wos lifted to the xvindow and looked out at the cars in the 
driveway for n mameiit. She soon became restless and disinterested and 
asked to get down She was helped Into her chair and then proceeded, 
without comment or furthei diiection from the examiner, to complete the 
test near her on the table which had been refused a few minutes before 
No further difficulty was encounteied in administering the rcmaindei of the 
test 

S FI and JC were tested successfully on the Stanford-Binet scale several 
days later RF was tested only on the Merrill-Palmer, the test involved in 
the preceding accounts All three children stood in the 99th percentile on 
the Merrill-Palmer scale S,fF achieved an IQ of 144 on Stanford, and J,C, 
an IQ of 129. Previous to the test experience, RF wns acquainted with 
the examiner onlv thru hei infrequent contacts with other children in the 
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gioup for testing puipoaca SJ/, and J.C knew the examiner as one of 
the part-time teaching staff id the nursery sehooi Xhicc weeivs of uurser) 
school experience preceded the mental testa of S ff and J C KT had had 
sporadic nuraery school experience in another institution, 

The writer has made use of similar proccduic ui eliciting verbal responses 
from children who became embarraased or lesiatant in verbal tests, Leav¬ 
ing ihe tablet shuffling papers, sitting with her back: to the child or walking 
about the room, were found to be fairly successful when adequate response 
could not be obtained m the ordinary face to face test position 
The young child’s lesistance or embarrassment may arise from a mis¬ 
conception of the examiner's intent By putting herself in the role of diain¬ 
terested onlooker, the exnmiuei perhaps changes the child’s conception of the 
test situation The examiner’s participation in activities unrelated to the 
child's test response and the child's activities possibly indicates to the child 
that choice is involved rather than compbance It is noteworthy that 
Reynolds suggests that a ^’break" in the situation is more likely to be effective 
in oveicoming resistance than continued insistence on performance of the 
resisted activity (1) 

The withdiawal of the examiner and the occurence of a distracting event 
5cein to help the child to leinteiprct the test situation, In two of the 
instances cited, the disti acting events weie within the examiner's control 
(telephone, block building), In the third, interestingly enough, the child 
herself helped to create the distraction (trip to window), 

The previous family experience of the three chiidren described was 
similai in that all xvere the younger of two siblings, The extent and nature 
of tlicir resistance in the test situation may have been influenced to some 
degiee by similarity in family experience Since their nursery school ex¬ 
perience was the same, so far as diiration of acquaintance with the staff 
was concerned, greatei or less familiaiity with the nursery school waf 
probably not impoitant in obtaining successful response to the test situation 
It must be noted that a leiitively superior group of children are in¬ 
volved in the instance cited Limited experience with dull preschool 
children suggests that the use of “breaks^” distractions, and seeming dis¬ 
interest in the child's behavior may be momentarily effective in cases of 
extreme resistance, but docs not produce lasting rapport The challenge of 
the test to the brighter child is no doubt of significance in producing tins 
seeming diffeience between bright and dull children 

Experimetitdtion in another area of behavioi tends to confirm the 
fmclings in intelligence test situations reported here, namely, that the 
adult may arouse a marked degiec of cooperative behavior by remaining 
relatively aloof from the child and by directing the child's attention to a 
sudden stimulus before performance is required of him In these experi¬ 
ments also a relatively biight group of subjects was involved 
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A NEW TYPE OF DOUBLE ALTERNATION^ 

Fred S Keilfr 
Introduction 

In three earlier investigations it has been shown that white lats can 
master the problem of double alteination under favorable conditions (1, 
4, S) In one of these studies, made by the present writer, rats were given 
prolonged training in a situation soniewhot comparable to that in which 
Hunter's raccoons (3) were successful An elongated temporal maze of 
the elevated type was employed, the subjects were given a single tiial daily, 
each trial consisting of four runs in LLRR (left-left-right-right) sequence, 
and reward was given at the end of each run, (The lengthening of run¬ 
ning-distance in this maze was caluilated, to enhance any possible '^ciimirln- 
tive effects" of successive runs) Under such conditions both of the animals 
tested over a period of approximately 10 months reached a degiee of 
mastery superior to that of Hunter’s raccoons oi the monkeys of Gcllcr- 
inanii's maze experiment (2) As in other experiments on this problem, 
however, a high degree of stability of performance was not achieved by 
the animals within the time limits of the investigation, and jt was con¬ 
sidered that this might have been due to one or both of two factors* 
the delicacy of the disciiminntion involved, and a confficting tendency 
toward simple alternation (LRIR) The experiment herewith reported 
was aimed at the lemoval of this second possible influence, and utilized a 
temporal maze of a new type The results obtained, although inconclusive, 
BUggest that masteiy of double altei nation may be more readily attained by 
rats when the possibility of simple alternation of the LRLR type is absent 

SuDjECTs, Apparatus, and Method 

The subjects used were four female white rats of Wistar stock, thiee 
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months old at the beginning of the expenment During the observational 
period, except for vinnvoidable breaks in routine, they fed together in then 
home-cage for two hours daily, after their runs through the appaiatus. The 
food was Pill ilia Dog Chow, occasionally supplemented with a few grama 
of lettuce oi other fresh vegetables 

The appaiatus is repiesented in Figuie 1 An enclosed runway, 3 inches 



FIGURE 1 
Temporal Maze 
Sec text 


wide by 7 inches high, with a wooden iloor and inch wire-mesli top and 
walls, was constuictcd in the pattern of a square with 20-inch sides (outside 
dimensions) At one side was a small dnor, also of wire mesh, giving ac¬ 
cess to the entrance-food compartment {E F in the figure)* At the third 
turn in the runway, counter-clock-wise from E-F, was inserted a choice 
compartment with two chambers (Z) and U) approximately equal in si/e, 
one above and the othci below the le\ el of the iiinway itself A thin metal 
block (//), placed at the entrance to the fiist part of the lunway, could 
be laised oi loweicd quietly between two grooved uprights by means of a 
cord and pulley Anothei block (E), of caidhoard, was placed at the 
end of the choice compartment nearest to E’-F , this block was so con- 
stiiictcd as to peiinit blocking of either, neither, or both of the two 
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chambers merely bv a P«ll P“sh of a long wooden handle extending 
from the edge of the block to the experimenter A small hole in the wiic 
mesh at the level of the rat’s head and near the right-hand side of E-F 
permitted the insertion of pellets of foodi 

The whole apparatus was placed upon a deal table to one end o 
which was attached a three-foot-square cardboard screen that served 
lo hide the experimenter from the view of the rat A peephole in the 
screen permitted observation of the rat m C-F and after a given chamber 
of ihc choice compartment had been entered The handle to block B passed 
through another small aperture* and the cord to block passed around 
the light-hand edge of the screen When food was pul in E-F the experi¬ 
menter reached aiound the iight-hand edge of the screen, but this was 
done only after the animal had traveled thioilgh one of the choice ch.imhers 
In n given test the rat was brought to the maze in n carrying-cage and 
allowed to run into E-F, The cage was then removed and the door to 
E-T was fastened Both blocks were in place nnd the animal was detained 
until the experimenter had seated himself behind the screen Block A was 
then raised, letting the animal pass through the opening on his first run 
Simultaneously with the lowering of A behind the rat, block D was re¬ 
moved from both choice chambers In case of n run through the correct 
chamber, B was not moved until the rat entered E-F Then B was brought 
into posiuon, blocking both chambers ngaici&t tetracing, and a small pellet 
of food (about l/20 of a gram) was dropped through the hole in E-T, 
In case o£ an incojiect choice, only the chamber chosen was blocked by 
B and no further change was made until the rat reached E-F through the 
correct passageway Then B was puBed vnto full blocking position and 
the reward was given, When the food was eaten, the animni was ready 
for his next run, under the same conditions of blocking, 

Prior to the introduction of the double-alternation task each animal was 
given 150 runs in the apparatus (10 runs daily) vpitli neither choice 
chamber blocked During this period three rats chose the lower path 
predominantly from the first, rat No 1 nionc showed an initial preference 
for the C/-path, which gave way in the last 50 runs to the D-choiccs. (In 
none of the animals did there appear any tendency toward simple altera- 

TABIE 1 

Pattiway Preference of Rats in the “Up-Down” Temporal Maze Prior 
TO Training in Dourlb Alternation 

Rat 1 Rat 2 Rat 3 Rat + 

Choices Choices Choices Choices 



D 

U 

D 

U 

D 

U 

D 

U 

1st 50 

2 

48 

46 

4 

40 

10 

33 

12 

2nd 50 

12 

38 

50 

0 

49 

1 

43 

7 

3rcl 50 

42 

3 

49 

1 

49 

1 

44 

6 
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tion of ihe DVDV type,) This may be appreciated b> a glance at Table 
1 in which the choices of each rat arc recorded ni gioiips of 50 runs each 

On the day after these free runs the training m double alteinaiion 

began. The method has been outlmed above linch rat was given one 
trial daily—four successive runs The task set was a DDUV sequence of 
choices On the first two runs the animal was blocked only if he entered 
the l/-chnmbor at the end of his run around the maze, on the second 
two runs he was blocked only in the JD-chamber (Both chambers were 

of course blocked behind hjin after he reached bis reivaid at /P-F) 

Reward was given at the end of each of the four runs whether or not 
blocking or retracing had taken place 

Results 

During an 8-months’ period rats 1, 2, and 4 were given 166, 167, 159, 
and 165 trials respectively, The composite curves shown in Figure 2 



FIGURE 2 

CoTstrosiTE Curves Showing PRonREss in Mastlr'v op Doudlf Alternation 

represent the progress of all the rata m the last ISO tnals The unit em¬ 
ployed in the lower ciiive is ten tnals, that for the upper curve is 40 
runs Table 2 shows the number of the most common sequences of runs 
chosen by each rat in all the trials given 

As in earlier experiments of this sort, theie is some difhculty in desig¬ 
nating a satisfactory criterion of mastery, If the problem is considered 
one of mare-Jear/img, the standard will be a given number of successive 
correct trials (Hunter chose three in his 1929 experiments) ; but if the 
task IS taken to be one of discrimmatioa, the criterion wiJ) be in terms of 
percentage of conect runs in a staled period of tune 

In terms of successive correct trials, rats 1, 2, and 3 achieved as high 
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TABLE 2 


Frequency of Most Common Sccucnccs Chosen 
D ouDin Alternation 

During 

Training 

IN 

Choice® 


1 

Rats 

2 3 

4 

DDUU (Correct) 


56 

19 

40 

20 

DDDU 


36 

51 

23 

72 

DUUU 


35 

5 

29 

1 

DDUD 


12 

26 

IS 

23 

DUDU 


13 

18 

17 

28 

DDDD 


5 

29 

6 

12 

All others 


9 

19 

29 

9 

as four, four, and six, ] 

icspectively 

(Rat 4 did not exceed a 

succession 

of 

two during the entire 

experiment) 

In addition. 

rat No 

1 leached 

a 

succession of three on 

four occasions, and rat No 3 also 

1 cached < 

sne 


succession of five and one of thiee. 

With respect to petce/jtage of correct tuns out of 40 (ten successive 
trials) the figures foi vnls 1, 2, 3, and + are 90, 95, and S5 As in 

tile case of the othei entenon it \s cleai that, with the exception of one 
rat, a high standard at performance was attained—a standard unequalled 
by Hunter's raccoons, Cellermann’s monkeyij (tested with the maze), or 
the rats of the wiiter’s earhei study 

Conclusions and Discussion 

The evidence cited permits the conclusion that white rats aic able to 
master this new type of doiible-altei nation problem with a degree of suc¬ 
cess not previously reported in the literatuie Furthci generalization with 
respect to the relative value of this method in the analysis of the temporal- 
maze habit IS impossible at the present time because of (<?) the small 
number of subjects m this and the above-mentioned experiments, and {h) 
the degree of instability that still chaiacterizes the habit The first of these 
obstacles suggests the mcan^ of its avoidance^ but the second is not so 
easily to be met and it is moie important, Until greater stability of be¬ 
havior is demonstrable the insertion of various control tests cannot pro¬ 
vide iincfiiiivocal results with respect to the analysis of the mechanism 
involved 

Whether the eltmipation of the possibility of a simple RL alternation in 
the present method is responsible foi the better performance of onr subjects 
is, obviously, questionable Nevei theless, it may be pointed out that no 
definite tendency toward simple DU alternation showed itself in this ex 
penment, either in the preliminaiy or problem runs Moieoyei, a later 
attempt to establish a simple-nltcination habit {DUDU)^ m anotheJ group 
of rats, points in the same direction In 48 trials, following 150 prelmiinaiv 
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mn'^, there was even less indication of progress than in the double¬ 
alternation tests during a comparable period of training 
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